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show the adequaey of 
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for any steam requirements 
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Placed in service within the past eighteen months, these four steam 
: a) | generating units exemplify the adequacy of C-E equipment for re- 
| quirements ranging from those of small industrial plants to those of 


J) yy) ) | large power stations. 
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C-E installations made during the past several years include com- 
plete units for a much wider range of requirements—capacities as 


li low as 1000 lb of steam per hr and as high as 1,000,000 per hr 
il | pressures up to 1800 lb per sq in.—and total steam temperatures up 
These facts make evident two things of importance to you when 

you are buying steam generating equipment. One is the vast range 


to 925 F. 
: . of C-E experience which obviously has included a number of in- 
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Hl i ith stallations for fuel and load conditions identical to yours. The 
ii i i other is the completeness of the C-E line of boilers, fuel burning 
SE 14 and related equipment—actually it is the most extensive line of such 
equipment offered by any manufacturer. 
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With the experience and choice of equipment, Combustion Engi- 
a asks neering can not only give you a complete steam generating unit 
fal fs) comprised of those types of equipment which are best suited to your 

E fuel and load conditions, but it can also give you the advantage of 
having one manufacturer responsible for the overall performance 
of your installation. 





A C-E Steam Generating Unit for a Public Utility 
Compan: er Capacity—312,000 Ib; press.—925 lb; 








































































































temp.— 
C-E installations include six of the eight, million-lb-per-hr steam 
generating units in the world, as well as the boilers last purchased 
for the largest industrial, central station and central heating plants 
in the world. This significant recognition of the merits of C-E de- 
sign and equipment is, we think, another good reason for you to ask 
for our recommendations when you are next in the market. Re- 
oO member that you can buy C-E units for capacities as low as 1000 Ib 
of steam per hr. 
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A C-E Steam Ge VU, installed for 


a bohagiaes Capacityn225, Ib; press.—225 Ib; 
temp.—440 





t—Unit for fn Tobacco Com ng 
i Bent Tube ‘Type VM. with C-E Binder 
34 Co pe E. Folles, T ype —23,000 Ib; press. 


Unit for a Milk Company comprising a 
C-E Prauiiee Boiler (2-pass fire tube type) 
bd a. Skelly Stoker Unit. Capacity— 








ALL TYPES OF BOILERS, FURNACES, PULVERIZED FUEL SYSTEMS AND STOKERS; ALSO SUPERHEATERS, ECONOMIZERS AND AIR HEATERS 
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PARTIAL LIST OF ORDERS RECEIVED 





FOR THE NE® COPES FLOWMATIC REGULATOR 





BOTULER DATA BOILER DATA 
WSP MAX, EVAP, WSP MAX, EVAP, 
USER AND LOCATION DATE NO, MAKE LB, LB./HR, USER AND LOCATION DATE NO, NAKE LB, tb; /HR. 








Canadian steel mill...sseeeee01937 1 Freyn 130 25,000 Nebraska utility plant........1938 2 C-E 475 200,000 
Canadian steel mill...........1938 1 B&W 450 120,000 py industrial plant...1938 1# C-E 400 50,000 
Connecticut industrial plant..1937 2 Riley S PPOWETY..eececeseeeesl998 3 CHE 410 75,000 











Tllinoie industriel plant.....1937_ 2a erEEncustrial plant.....19 ee mee 
Kansas utility plant... ——_ : — . ee ao Seo steel mill.. j 415 330,000 
Maryland text1 Sigua a ae , i a a) gna? 150 85,000 
Michigan chent cher aoe pe ET SSS 2 vost 450 100,000 
Michigen paper =o eer 2a tee ET1.......1937 1 Spgfla. 600 100,000 
Michigan rubber company.......1937 3 Lasker 45O————Emeyiventa otecl mill,....,.1938 1* B&W 400 85,000 


Michigan utility plant........1937 1 B&W 850 Pennsylvania utility plant....1937 1 B&W 675 200,000 
Michigan utility plant........1938 1 F=-W 875 400,000 Pennsylvania utility plant....1938 1 F-W 875 400,000 
Missouri utility plant........1938 1 B&W 225 120,00C Texas chemical plant....s:....1937 1 B&W 400 200,000 

ang? 1938 2 W&W 180 110,000 Texas oil refinery.........-..1937 1* Riley 600 350,000 
Nebraska utility plant....... .1937 3 B&W 400 140,000 Virginia paper mill,..........1938 2 B & W 450 120,000 








*Two COPES Flowmatic Regulators purchased for each boiler, Name of any user listed above will be furnished on request, 











Why this trend to the new Flowmatic? 


There are good reasons why the trend in modern plants is definitely to 
the new COPES Flowmatic for effective feed water regulation. Closer 
boiler water level control on the most rapidly swinging loads. Trouble 
free operation with only routine attention. Simple adjustment. Easy 
installation. All add up to safer, more economical operation of fast 
steaming generators. To be sure of these benefits, specify the COPES 
Flowmatic. Write, on your letterhead, for descriptive Bulletin 409-A. 


NORTHERN EQUIPMENT CO., 1116 GROVE DRIVE, ERIE, PA. 


Feed Water Regulators, Pump Governors, Differential Valves 
Liquid Level Controls, Reducing Valves and Desuperheaters 


BRANCH PLANTS IN CANADA, ENGLAND, FRANCE, GERMANY, 
AUSTRIA AND ITALY .. . . REPRESENTATIVES EVERYWHERE 


(jet closer oiler walter Aevel control with the mew 
GORPES 


FEEDS BOILER ACCORDING TO 
STEAM FLOW*AUTOMATICALLY 






FLOWRAATIC 


* REGULATOR 
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Tube Failures 


The October issue of The Locomotive, the quarterly 
publication of The Hartford Steam Boiler Inspection and 
Insurance Company, contains a most interesting discus- 
sion on tube failures in water-tube boilers which it notes 
still continue in considerable number. While such fail- 
ures, in themselves, are seldom serious, they nevertheless 
are of greater import from the standpoint of outage with 
the modern high-capacity unit, than was the case for- 
merly when the shutting down of one of several medium- 
capacity units caused less inconvenience to operating 
schedules. 

As pointed out, tube failures may be attributed princi- 
pally to inadequate circulation, improper feedwater con- 
ditioning, the presence of free oxygen and the formation 
of Fe;0,4 deposits in the superheater, due to the decom- 
position of steam at high temperatures, such decomposi- 
tion becoming relatively rapid at around 1000 F. 

It is observed that the designer’s problem would be 
simplified and results could be predicted more definitely 
if there were assurance that the unit would be operated 
under the conditions specified, but that local practices 
often alter the anticipated conditions with subsequent 
cases of tube failures. This is particularly true with 
reference to changes in fuel, unsuitable feedwater treat- 
ment, the presence of free oxygen and concentrations 
carried—all of which are beyond the control of the de- 
signer. It might have been added that, despite the vast 
amount of design data available and a wealth of accumu- 
lated experience, the designer is not always free to exer- 
cise his best judgment because of conditions imposed. 

Stressing the importance of circulation in modern high- 
capacity boilers as greater amounts of water are evapor- 
ated into steam per unit of steam generating surface, the 
article concludes that such development ‘‘has necessi- 
tated the design and construction of boilers that are as 
sensitive as turbines,’ and that, “their successful, effi- 
cient and safe operation is dependent on proper speed of 
fuel to the burners, of gases through the passes of the 
boiler, of water from the heaters to the pumps and from 
the pumps to the boiler, of steam from the tubes and 
drums, and of steam through the superheaters and piping 
to the prime mover. If any element of circulation on 
whichtthe rapid absorption of heat through the tube walls 
depends, is disturbed, burnt tubes are apt to result.” 

Such sensitivity is more noticeable in some types of 
boilers than in others and high steam pressures appear 
to have a very definite bearing on the circulation of boilers 
of the straight-tube header type, particularly with vari- 
able degrees of solid concentrations in the boiler water. 

However, as one well-known engineer recently pointed 
out in a discussion at an engineering society meeting, 
many unforeseen problems were previously encountered 
and ultimately solved with each advance in practice and 
tube failures are by no means new; but one is prone to 
forget the earlier experiences. Today’s problems are 
somewhat more complex because of the greater number 
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of factors involved and the more exacting demands but 
their solution is imminent—hardly, however, before new 
problems are encountered by further advances in prac- 
tice. Such is the price of a rapidly advancing art in 
which the ultimate gains outweigh the difficulties en- 
countered. 


Extensions to Power Capacity 


Comment was made in these columns in September 
upon the appointment by the President of a special com- 
mittee to study power supply in its relation to national 
defense. While no formal report has yet been issued, 
the daily press recently devoted considerable space to a 
meeting in Washington between this committee and a 
group of utility executives. According to a statement, 
following the meeting, by Assistant Secretary of War, 
Louis Johnson, an agreement was reached toward a two- 
year extension program as the initial step in building up 
and coordinating the nation’s power resources to meet 
the needs of national defense. It was pointed out further 
by Mr. Johnson that this projected expansion would serve 
to prevent the dispersal of highly-trained technical staffs 
among companies making power plant equipment. 

No detailed information was given out and, according 
to certain well-informed sources, generalities rather than 
definite commitments were discussed, although it was 
announced by one spokesman for the utility group that 
the plans for immediate expansion would involve between 
seven hundred thousand and a million kilowatts. This 
figure is small compared with the growth in pre-depres- 
sion years and is slightly more than that added in 1937. It 
is in line with what might be expected under present 
conditions and if put into effect would serve to advance 
construction schedules. 

It seems agreed, by those in a position to know the 
facts, that there is at present no general shortage in 
power capcity, despite some shortage in reserve in cer- 
tain instances. However, the curve of power consump- 
tion has been steadily rising since the low point in June, 
has passed that of 1936 and has nearly reached the cor- 
responding monthly value for 1937. The adequacy of 
present capacity to meet a marked upturn in industrial 
activity, particularly if augmented by orders related to 
national defense, is a matter upon which opinions differ 
and in which the Government evidently feels concern; 
especially in view of the time element involved. 

This latest move on the part of the Federal Govern- 
ment may be looked upon as an attempt to stimulate 
activity by private initiative in the field of steam power 
in which pump priming has proved to be ineffectual. 
The issue of power for national defense appears to afford 
a timely approach to the problem and may possibly 
serve as a basis for cooperation and the establishment 
of goodwill between the utilities and the Government 
to replace the impasse that has existed for several years. 
Of course, there is no assurance that such a condition 
can be brought about, but it may be worth the attempt. 
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Developments in High-Pressure, 
High-Temperature Valves 


By V. T. MALCOLM, Director of Research 
The Chapman Valve Mfg. Co. 


The author reviews the work of the last 
fifteen years in the development of ma- 
terials and the design of valves to meet the 
trend toward ever increasing steam pres- 
sures and temperatures. Reference is 
made to the work of special committees 
of the A.S.T.M. and the American Engi- 
neering Standards. The results of an in- 
vestigation of the efficiency of bolted 
joints in bonnet flanges are included and 
the influence of welding in present-day 
valve practice is discussed at length. 


has been so rapid as to bewilder sometimes even 

men who have given their whole time and thought 
to this work; for today’s economic conditions, more than 
ever before, are imposing upon us the necessity for 
efficiency in every phase of industrial activity among the 
most important of which is the economical generation of 
steam. 

That economy may be improved by the employment 
of greater pressures and higher temperatures is estab- 
lished, but the realization of this economy is in no small 
way dependent upon the effective utilization of materials 
of construction. Higher steam temperatures fareJ're- 
stricted to the limitations of the materials for such use. 

Many more plants will be designed for and operated 
at 1200 to 1400 lb per sq in. pressure and 900 to 950 F 
total steam temperature, in addition to the considerable 
number already in service under such conditions. 
Furthermore, we have now entered the realm of the 2500 
Ib, 1000 F station. One approximating these conditions 
has already been laid down; one or more are under 
consideration and there is little doubt that continued 
progress will be made, if research and engineering con- 
tinue to cooperate as in the past. 

Along with the construction of major equipment, the 
old adage that “‘a chain is no stronger than its weakest 
link’”’ has particular bearing on power plant practice. 
While valves are only a minor part of the major equip- 
ment, they nevertheless play an important part in the 
operation of the station. When it is considered that 
the outage of a unit, costing many thousands of dollars, 
may result from improper functioning of a valve, costing 
a few hundred dollars, the design and construction of 
valves becomes most important. 

With present exacting service demands and the trend 
toward minimum reserve capacity, reliability in valves 
becomes paramount. By continued research we must 
emphasize the importance of design, materials and work- 


Dias been in central station design and operation 
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manship, and organizations that have the will to pioneer 
and the resources to carry out such pioneer work, must 
certainly be looked upon as progressive in the art. 

The engineer engaged in central station work needs 
in valves a comparatively cheap alloy steel that has 
high physical properties, which properties are not greatly 
impaired by continued service at high temperature. 




















Ten-inch, 1500-lb, 1000-F welded-bonnet valve with bypass 


connection and motor unit in place 


He needs, in the valve, seating materials that are resis- 
tant to high temperature gases, that will hold their 
surface under heavy sliding pressure, that will not 
suffer from seizing or erosion due to the high velocity 
and pressure used and at the same time have excellent 
resistance to corrosion and oxidation. Therefore, the 
metal in all parts of a valve must be stable at the tem- 
peratures employed and be capable of resisting, for the 
economic life of the equipment of which it forms a part, 
the stresses to which it will be subjected in service. 

This month marks the fifteenth anniversary of the 
first report on the “Investigation of Materials and 
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Tests” made to the Sectional Committee on Pipe 
Flanges and Fittings of the American Engineering 
Standards Committee, and’ it is fitting at this time to 
point out that the problems reported upon by the special 
investigating committee had a great deal to do with the 
design, materials and construction of present-day high- 
pressure valves. 

The problems presented to this special committee 
at that time were the investigation of and the advis- 
ability of conducting research into: 


1. Impact tests 

2. Endurance tests 

3. Hardness tests 

4. Magnetic tests 

5. Metallographic tests 

6. Short-time tests at high temperature 

7. Long-duration tests at high temperature 

8. Inspection by X-ray 

9. New stud-bolt materials 

10. Marking 

11. Recrystallization of steel 

12. Study of permissible and efficient design in the 
utilization of castings for valves 

13. Advisability of new materials for valve trim 
such as seat rings, disks and stems 

14. Manufacture of steel 


The temperature comtemplated at that time was a 
maximum of 750 F. 

When we look back over the intervening years since 
the original investigation, we are reminded of the 
remarkable strides that have been made; for most of the 
problems suggested at that earlier period have been 
solved, and from the results obtained by this investiga- 
tion has developed the basis of design and materials 
for today’s high-pressure, high-temperature valves. 

In 1923 the organization with which the author is 
identified brought out the first alloy-steel valve for 
central station work and carried out the first research 
investigation into the manufacture of steel castings by 
use of the X-ray, which work was then done at the 
Watertown Arsenal with the cooperation of Dr. H. H. 
Lester. 

In 1924, the Joint Research Committee on the Effect 
of Temperature on the Properties of Metals, and Sub- 
committee 22 of Al, A.S.T.M., on Materials for Valves, 
Flanges and Fittings were organized and have functioned 
in a thorough and efficient manner to date. Out of 
these committees have come excellent standards for 
materials and a vast knowledge of the effect of tempera- 
ture on the properties of metals. 

Of late years radiography and welding committees 
of the A.S.T.M. have been organized. The Sectional 
Committee on Pipe Flanges and Fittings of the American 
Standards Association has developed new valve and 
fitting standards up to 2500 lb pressure at 950 F, and 
has set forth in these standards temperature-pressure 
ratings for both carbon and alloy steels. 

In our organization new alloy steels have been adopted 
for castings, forgings and stud bolts. Research has 
been carried on to such an extent that specifications 
calling for impact, hardness, creep tests, metallographic 
and radiographic inspection are acceptable and, as a 
matter of fact, all of these tests are now in use in the 
daily control of our products. 
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Great improvements have been made in heat-treating 
of all parts entering into valve construction and, due to 
radiography and metallography, marked advances have 
been made in casting and forging procedure. 

Stud bolts are now made of exceptionally high strength 
steel, stable at high temperature and full-length threaded, 
so as to distribute the stress uniformly over the entire 
bolt. Nuts are made of carbon and alloy steel, quenched 
and drawn, and so treated that sticking of the nuts to the 
bolt is a thing of the past. 

New types of valve trim have been adopted so that 
seizing, galling and erosion have been eliminated or 
mitigated to such an extent that they are no longer 
bothersome. Castings have been redesigned so that all 
sections are as nearly uniform as possible and heavy 
pads have been eliminated. 

Due to the recent depression fewer stations have 
been constructed than would otherwise have been under- 
taken; but the seed of research has been planted as 
regards materials and is now bearing fruit as nearly all 
new central station installations are designed for at 
least 900 and some for 950 F total steam temperature. 





Method of local stress-relief as applied to a 10-in., 1500-lb, 
1000-F’, welded bonnet valve 


First and foremost among the difficulties presented in 
valve construction was the trouble in maintaining tight 
joints, and it was generally agreed that end flanges must 
be eliminated and welding ends substituted if excellent 
high-temperature service was to be obtained. 

In order to carry out the trend toward higher pressures 
and temperatures new alloy steels had to be developed 
which would have excellent creep strength under high- 
temperature service conditions and at the same time 
could be welded successfully without air hardening. 
Seat rings were changed from the so-called flanged ring 
to the back-seated flexible ring in which all stresses are 
in compression; and by welding in the seat ring, fol- 
lowed by stress-relieving, an extremely tight and per- 
manent joint was obtained. 

Seat rings and disks are now made of extremely hard 
non-corrosive metals which retain their hardness at high 








temperatures and are free from the tendency toward 
seizing or erosion. Separate faces were abolished and 
in their place was substituted the solid disk which has 
many advantages. All disks and rings are ground, 
lapped and polished to very close tolerance, and the 
bearing is completely on the disk face instead of ordinary 
line contact. 

Straight waterways are now used in valves, and guides 
in valves and recesses in disks are carefully machined 
to close tolerance. Stems with clevis connection are 
made of stainless steel, heat-treated to high hardness, 
straightened, ground and polished and the stem threads 
milled instead of cut. Full-length threaded stud bolts of 
high-strength, high-hardness alloy steel are used to- 
gether with oil-quenched nuts, so treated as to prevent 
sticking. All bolts are set up with special instruments 
to a predetermined stress, and special packings, gaskets, 
joints and bypass connections have been designed and 
constructed. Last but not least, valves are radio- 
graphically inspected and tested with kerosene in strict 
accordance with A.S.A. Standards. 

In 1930 the writer carried out a series of tests on the 
efficiency of bolted joints, especially in bonnet flanges. 
It was found that the joints would relieve themselves 
under a fixed or limited strain and with the then preva- 
lent standards of bolting set-up, they showed a 
tendency to leak after being placed in service if the bolts 
were not retightened at regular intervals. After much 
study of the problem it was found that there were 
available two distinct ways of overcoming this difficulty, 
both of which have been adopted in our present work. 

The first, was to continue the use of the flanged- 
bonnet joint by obtaining a stud-bolt steel that possessed 
high physical properties at room temperature so that 
satisfactory initial gasket compression could be obtained. 
without overstressing either flanges or bolts. The steel 








Preheat coils in place during process of welding 


must have good short-time high-temperature properties 
to compensate for the additional stresses imposed upon 
it by warming up the lines. High creep strength is also 
necessary for the valve to maintain its joint when relaxa- 
tion takes place. It was found that a material with a 
high initial creep rate relaxes quickly and the residual 
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stress is low; whereas, if residual stress is high so that 
bolts will stay tight, this indicates that the initial creep 
effects are small, the material getting a grip on itself with 
a minimum of internal adjustment. 

It was necessary, therefore, to develop a steel for stud 
bolts that would have high room-temperature properties, 
high short-time elevated temperature properties, good 
creep strength at service temperature and remain stable 
throughout its service life. These properties were 





Test pieces from bonnet weld, carbon-molybdenum steel, 

showing tensile, bend, impact and hardness tests and 

macro-etch of weld. Depth of weld, 4 in., width at top, 
37, in.; number of layers, 40; and number of beads, 86 


necessary in order that full advantage could be taken of 
high stress in the initial bolt set-up to fully compress the 
gasket and when relaxation did take place in service, 
the residual stress would be of such intensity as to 
maintain a tight joint. 

As a result of this investigation, Hercules No. 3 stud 
steel was developed to meet these requirements and is 
subject to careful manufacture and special heat-treat- 
ment. Its great strength at room temperature permits 
a high initial set-up and when relaxation does take place 
the creep strength is sufficient to retain a high residual 
stress and therefore a tight joint. The physical proper- 
ties of Hercules No. 3 are as follows: 


Temperature, deg. F 70 800 1000 
Tensile strength, lb per sq in. 160,000 128,000 105,000 
Yield point, lb per sq in. 140,000 94,000 80,000 
Elongation in 2 in., per cent 16 19 20 
Reduction of area, per cent 50 60 63 
Impact, Charpy ft-lb 15 

Brinell hardness 330-350 


Laboratory tests of 5000-hr duration have been carried 
out and extrapolated into terms of one per cent in 
100,000 hr, which corresponds to an elongation of one 
ten-millionths of length per hour. The creep strength 
of this steel at 1000 F for one per cent in 100,000 hr is 
22,000 Ib per sq in. 

Stress intensities for bolt set-up are obtained from the 
laboratory in the following manner: 

The stud bolt is placed in a tension-test machine with 
the nuts the same distance apart as they would be in the 
joint. A block with a hole in it is placed under the bear- 
ing surface of each nut and the bolt placed under tension in 
such a manner that tension pull is applied under the 
bearing surface of each nut through the bored blocks. 
The surfaces of these blocks are in contact with the bear- 
ing surfaces of the nuts and serve the same function as 
the outside surfaces of the flanges with which the bearing 
surfaces of the nuts would normally come in contact. 
Under these conditions, the stud bolts are subjected to 
exactly the same conditions as would obtain in the actual 
joint. The bolt is then subjected to tension, and microme- 
ter caliper readings are taken of the actual overall 
length of the bolt at equally spaced tension increments. 
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The bolt is then stressed incrementally up to a point 
below the elastic limit and then a similiar series of 
readings are taken as the bolt tension is dropped back 
to zero. By dividing the tension readings by the area 
at the root of the thread of bolt, stress intensities extend- 
ing over the net area of the bolt are obtained. These 
figures when plotted will give a curve showing the rela- 
tion between elongation and net stress intensity. 

The results are used in setting up bonnet joints in 
valves and tests are continually made on actual valves 
set up to determine any permanent set that may have 
taken place. 

As an example of the effectiveness of this method, 
there is cited the following results of setting up a 12- 
in., 1500-lb carbon-molybdenum-steel valve with Hercu- 
les No. 3 steel. There were eighteen 2'/, & 15!/s-in. 
bolts and these were set up to 0.022 in. strain, corre- 
sponding to 60,000 Ib stress. 


Length Length Length 
before after after load 

set-up, set-up, release, 

Stud No. inches inches inclies 
1 15.1205 15.1425 15.1210 
2 15.1265 15.1485 15.1265 
3 15.1185 15.1405 15.1190 
+ 15.1170 15.1390 15.1175 
5 15.1250 15.1470 15.1250 
6 15.1275 15.1495 15.1280 
7 15.1300 15.1520 15.1305 
8 15.1370 15.1590 15.1370 
9 15.1275 15.1495 15.1275 
10 15.1355 15.1575 15.1360 
ll 15.1280 15.1500 15.1280 
12 15.1160 15.1380 15.1165 
13 15.1220 15.1440 15.1220 
14 15.1215 15.1435 15.1215 
15 15.1290 15.1510 15.1290 
16 15.1175 15.1395 15.1175 
17 15. 1420 15. 1640 15.1420 
18 15.1275 15.1495 15.1275 


It may be noticed from this high initial set-up that 
the bolts, when tension was taken off, returned to their 
original measurements, thus showing no permanent set. 





Group of 1500-lb, 1000-F, 

carbon-molybdenum-steel 

valves with Hercules No. 3 

stud bolts and welding 
ends 


The second method was to design and construct a 
welded bonnet valve. Numerous difficulties were en- 
countered here, because in the first place we had to be 
sure that the interior working parts of the valve would 
resist the service for the life of the valve. However, 
with new materials in the seat rings and disk and the 
welding-in of seat rings, together with non-corrosive 
packing, it has been possible to go ahead successfully 
with the design and construction of a welded bonnet 
valve. 
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When our investigation was started fusion welding 
was not looked upon as satisfactory but, due to constant 
improvements in materials, apparatus and welding 
techniques, it has become generally accepted as a tool of 
modern industry. Furthermore, the possibilities of weld- 
ing have nat as yet been fully explored. 

The development of the covered electrode has made it 
possible to produce sound, clean, strong, ductile welds 
with practically no limitation in thickness, by the use of 
multi-layer deposits and the shielding of the arc by the 
atmosphere obtained from the electrode covering. 
Further developments have been made in type of welding 
equipment so that today we use the alternating current 
transformer type, because it has the advantage of the 
elimination of the so-called magnetic blow so detri- 
mental to good welding practice. Also, due to the rapid 
pulsations of the alternating current, the slag formed is 
thrown to the top where it may be brushed off. 

All welding is performed in accordance with proved 
procedure controls which have been developed through 
years of experience and practice, and all welding opera- 
tors are required to pass qualification tests in accordance 
with standard codes of the insurance companies and the 
Navy, and then must demonstrate their ability to pro- 
duce sound, strong, clean, ductile welds. Welds thus 
made must also pass radiographic and magnetic tests for 
cleanliness and soundness, and care is exercised to see 
that welders weld sections of same size and thickness as 
actual bonnet welds so that strength, impact, bend and 
metallographic tests can be made. 

Unusual methods had to be developed for locally pre- 
heating the areas adjacent to the welding groove and 
maintaining proper temperature throughout the welding 
operation. The proper joint angle, spacing etc., had 
to be determined to a nicety and, finally, the entire 
weld had to be stress-relieved locally at 1200 F, so that 
any stresses set up by welding would be entirely removed. 

Testing of valves before and after welding presented 
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certain problems which have been now overcome. 

Last but not least, is the checking of the quality of the 
weld itself. It was thought for many years that this 
was impossible without applying some destructive 
method, but today examination and inspection of welds 
can be made in any casting by the use of radiography, 
by which flaws less than one per cent of the thickness of 
welds up to 1 in. and two per cent in welds up to 4 in. 
may be readily detected. A standard series of radio- 
graphs has been adopted. 
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A.S.M.E. Annual Meeting 


The tentative program for the 1938 Annual Meeting 
of The American Society of Mechanical Engineers, to be 
held at the Engineering Societies Building, New York, 
December 5 to 8, has been announced. The first day, 
Monday, will be taken up with registration, meetings of 
Council, sections delegates, professional division delegates 
and a business meeting at4p.m. Of the technical papers 
to be presented on Monday evening and on the ensuing 
days the following are of interest to power engineers. 


Monday evening, 8 p.m. 
SESSION ON THERMODYNAMICS 

Reheat Factors for Superheated and Wet Steam Expansion, 
by Chas. G. Thatcher 

The Calculation of Steam-Turbine Reheat Factors, by Ronald 
B. Smith 

Friction Coefficients for the Compressible Flow of Steam, by 
Joseph H. Keenan 

New Measurements of the Specific and Latent Heats of Water 
and the Mechanical Equivalent of Heat, by N. S. Osborn, 
H. F. Stimson and D. C. Grinnings 


Tuesday morning, 9:30 a.m. 
PrPE STRESS PROBLEMS 
Determination of the Expansion Forces in Piping by Model 
Tests, by H. W. Semar 
Progress Report on Creep Tests of Tubular Members 
Progress Report on Relaxation Tests 


Tuesday afternoon, 2 p.m. 
POWER AND FUELS 
Modern Boiler Furnaces, by E. G. Bailey 
Report of Boiler Feedwater Studies Committee, by C. H. 
Fellows 


INDUSTRIAL INSTRUMENTS 
Quantitative Analysis of Single-Capacity Processes, by A. F. 
Spitzglass 
Operating Experiences and Graphical Analysis of Automotive 
Combustion Control, by P. W. Keppler 


Wednesday morning, 9:30 a.m. 
Or AND GAs POWER 
Five Years Progress of Oil and Gas Power, by H. E. Degler 
The Vectorscope—A New Instrument Useful in the Solution 
of Problems Pertinent to Study and Design of Internal- 
Combustion Engines, by G. J. Dashefsky 


Wednesday afternoon, 2 p.m. 
HYDRAULICS 
Investigation of Error in Pitot Tubes, by Clyde W. Hubbard 
Pitot Tubes in Large Pipes, by E. S. Cole and E. Shaw Cole 


LUBRICATION 
Thin Oil Films, by Walter Claypoole 
Wear in Lubrication Problems, by L. M. Tichvinsky 


POWER AND FUELS 
The High-Pressure, High-Temperature, Electric Steamship 
J. W. Van Dyke, by L. M. Goldsmith 
Industrial Power Plants, by C. W. E. Clarke 


Thursday, 9:30 a.m. 
FUELS 
Possibilities for Utilization of Pulverized-Coal Ash, by A. W. 
Thorson and John S. Nelles 
Progress Report of Fuel-Bed Tests at Hell Gate Generating 
Station, by M. A. Mayers, W. H. Dargen, Jos. Gershberg, 
M. J. Williams, E. R. Kaiser and B. C. Dalway 


FLuIp METERS 

Influence of Steam-Flow Metering Equipment on Piping 
Design, by R. M. Van Duzer, Jr. 

Effect of High Temperatures and Pressures on Cast-Steel 
Venturi Tubes, by W. S. Pardoe 

Coefficients of Orifices and Nozzles with Free and Also Sub- 
merged Discharge, by R. G. Folsom 

Effect of Pulsations on Orifice Meters, by S. R. Beitler 

Review of Flow-Nozzle Research with Oil, by E. E. Ambrosius 

Pulsating Air Velocity Measurement, by Neil P. Bailey 


Thursday afternoon, 2 p.m. 
HIGH-TEMPERATURE PROBLEMS 
High-Temperature Steam Experience at Detroit, by R. M. 
Van Duzer, Jr., and Arthur McCutchan 
Changes in a High-Pressure Drum to Eliminate Recurrence 
of Cracks Due to Corrosion Fatigue, by A. E. White 


Station Named for 
C. A. Greenidge 


Charles A. Greenidge, vice president and chief en- 
gineer of The Utility Management Corporation, New 
York City, was honored on October 21, 1938 when New 
York State Electric & Gas Corporation’s new steam 
power plant at Dresden, N. Y., was named The 
Greenidge Plant. The plant is designed for an ultimate 
capacity of 90,000 kw in three turbine-generating units, 
the first of which is installed with a capacity of 20,000 
kw. It is served with steam at 700 lb, 825 F by two 
110,000-lb per hr three-drum bent-tube boilers fired with 
pulverized coal. 

The dedication ceremony was held in the plant, which 
is located on Seneca Lake. Ralph D. Jennison, presi- 
dent of The Utility Management Corporation, told of 
Mr. Greenidge’s long career in the field of public utility 
engineering, and described the high esteem in which he is 
held by his associates. Harry Reid, president of New 
York State Electric & Gas Corporation, dedicated the 
station. H. W. Jefferson, chief engineer of the plant, 
unveiled the bronze tablet naming the station in honor 
of Mr. Greenidge. The station itself was described at a 
meeting of managers preceding the dedication in a talk 
by J. A. Powell, of The Utility Management Corporation, 
Reading, Pa. 

Mr. Greenidge’s Career 

After graduation from Stevens Institute of Tech- 
nology, Mr. Greenidge began his career in the utility 
industry in January 1896 with the Mount Morris Elec- 
tric Light Company. From 1902 until 1910 he was with 
the Utica Gas and Electric Company, where he had full 
charge of construction. He joined the staff of J. G. 
White, Inc., New York City, as engineer in the operat- 
ing department in 1910 and became associated with the 
J. G. White Management Corporation in 1913. This 
has since become The Utility Management Corporation. 
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Greenidge Station at Dresden, N. Y. 
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Boiler Tests at 


RIVERSIDE STATION 


A digest of the results of tests with 
pulverized coal and with natural gas on 
steam generating unit No. 5 at the 
Riverside Station, Davenport, Ia. This 
unit has a normal rating of 225,000 lb 
per hr at 825 lb pressure and 825 F total 
steam temperature, is of three-drum 
bent-tube type with a continuous slagging 
furnace and is equipped with both an 
economizer and an air heater. On four 
six-hour tests at outputs from 80,000 to 
213,000 lb per hr with coal the efficiency 
ranged from 88.14 to 87.05 per cent and 
with natural gas from 85.23 to 84.03 per 
cent. Additional tests were run to de- 
termine the effect of varying excess air 
on performance. These results and the 
flow of slag at different ratings are dis- 


cussed. 


N THE June 1938 issue of ComMBUSTION an article by 
C. A. Butler described the recent extension to the 
Riverside Station of The United Power Manufac- 

turing Company near Davenport, Ia. This consists of 
a 28,571-kva condensing turbine-generator supplied with 
steam at 825 lb, 825 F, from a single steam-generating unit 
fired with pulverized coal or natural gas and having a con- 
tinuous slagging furnace. This unit as shown in Fig. 1 
is of the C-E three-drum bent-tube type with a rated 
capacity of 225,000 lb of steam per hour, at which point 
the guarantees were made, and a maximum capacity 
of 300,000 Ib per hr. The furnace is completely water 
cooled with both plain and fin tubes on the front wall and 
fin tubes on the side and rear walls. It is corner-fired 
and the slagging bottom has a rounded back end for 
continuous drip into a pitof water. Thecontinuous-loop 
economizer is located within the boiler setting below the 
rear drum and bypass dampers are employed for super- 
heat control. A horizontal-shaft Ljungstrom air pre- 
heater is provided and the unit is arranged for firing with 
either natural gas or pulverized coal from three 7 '/2-ton 
Raymond bowl mills. 

Since publication of the description, a series of tests 
has been run by the power company on the steam gen- 
erating unit to determine its efficiency at four different 
loads and to collect operating data for guidance in its 
future operation. It is believed that a digest of the 
results will be of interest to many readers, as supple- 
menting the information contained in the earlier de- 
scription. For these data CoMBUSTION is indebted to the 
engineers of the Moline-Rock Island Manufacturing 
Company which operates the station. 

These tests were conducted with coal at approxi- 
mately 80,000, 136,000, 185,000 and 213,000 Ib of steam 
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per hour and with gas at 80,000, 130,000, 182,000 and 
223,000 lb per hr. Tests at maximum rating were not 
attempted because at outputs above 225,000 Ib per hr 
the forced- and induced-draft fans require the use of 
their high-speed motors and the control equipment for 
changing meter speed was not in condition at the time. 
Also, station load conditions at the time of the test were 
a factor in fixing the maximum load carried. The unit 
was operated by the regular firemen during the tests 
and manual control was employed except for the forced- 
draft fan which was controlled automatically from the 
furnace draft. Each of the tests was of six hours dura- 
tion and the order of running them is indicated by the 
dates at the top of the table. In addition to the tests 
at different ratings, runs were made with different per- 
centages of excess air, with the load held constant, in 
order to determine the influence of excess air on the 
efficiency and on the steam temperature. These were 
made with both coal and gas. The curves in Fig. 4 show 
the effect of excess air on efficiency. 

The coal burned was Fiatt and St. David 1 !/,-in. 
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Fig. 1—Section through unit No. 5 








screenings from Fulton County, Illinois, as regularly used 
by the plant. Its proximate analysis was as follows: 


PROXIMATE ANALYSIS OF COAL AS FIRED, PER CENT 
Steaming Rates, Pounds per Hour 





80,000 136,000 185,000 213,000 
Volatile 4.2 33.8 32.19 35.52 
Fixed carbon 37.86 38.28 38.02 35.52 
Ash 12.53 12.82 12.19 10.26 
Moisture 15.41 16.10 17.60 16.04 
Heating valve 9,969 9,915 10,007 10,149 


The ultimate analysis of the coal, which applied to 
all the tests, was made from a composite of the coal sam- 
ples taken. It was: 


ULTIMATE ANALYSIS OF DRY COAL, PER CENT 


Carbon 66.0 

Hydrogen 4.60 
Oxygen 9.34 
Nitrogen 1.70 
Sulphur 3.98 
Ash 14.38 


The natural gas was piped from the Oklahoma fields 
and had the following analysis, by volume: 


ANALYSIS OF GAS, PER CENT 


Moisture 0 
Methane 80 
Ethane 5.5 
Propane 3.6 
Iso-butane 0.5 
Normal butane 0.7 
Pentane 0.1 
Carbon dioxide 0 
Oxygen 0 
Nitrogen 9.6 
Heating value per cu ft 1045.4 Btu 
Heating value per lb 20131 Btu 


Comments on Results 


A large number of curves were plotted from the results 
of the tests, only a few of which are here reproduced be- 
cause of space limitations. The following comments, 
however, summarize the high spots of much of the in- 
formation obtained. The efficiencies on both gas and 
coal (see Fig. 2 and table) were good and fairly flat over 
the range of loads carried. The values with gas were 
lower than when burning coal because of the higher loss 
from burning 0.17 lb of hydrogen per pound of gas, 
whereas with coal only about 0.06 Ib of hydrogen was 
burned per pound of combustible. However, this is 
partly offset by the absence of loss from moisture in the 
natural gas and in the lower dry gas loss. The losses as 
shown are appreciably less than those predicted, the 
largest gains being in the dry gas loss due to lower stack 
temperature, unburned carbon and miscellaneous items, 
usually referred to as ‘“‘unaccounted for’’ losses. The 
items ordinarily included under this heading are sepa- 
rately listed in the tabulation. 
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Fig. 2—Efficiencies at different outputs 
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Fig. 3—Division of work at various outputs 


The curves in Fig. 3 show the division of work among 
the several components of the steam generating unit. 
It will be noted that the boiler and water walls do a 
smaller proportion of the work as the rate of steam gen- 
eration increases, while that done by the superheater 
and economizer increases with increase in output. If the 
heat absorption by the boiler and the water walls could 
have been separated it would probably have been found 
that the boiler does only a small part of the work at low 
ratings and that its percentage increases, compared with 
that of the water walls, as the output increases. 

The steam temperatures varied directly with the rate 
of steam generation over the range of loads covered by 
the tests. The temperature when burning gas is lower 
because of the lower percentage of excess air, resulting 
in lower mass flow through the superheater, and because 
the furnace walls were not coated with slag during these 
runs. The effect of slagging of the furnace walls on 
superheat temperature could be noted over the course 
of the six-hour coal-burning tests. Over this period the 
steam temperature rose 15 to 20 deg. 

The gas temperatures leaving the economizer and the 
air heater were lower when burning natural gas than with 
coal which can be attributed to the lower gas volume re- 
sulting from lower excess air. On the other hand, the gas 
temperatures entering the superheater are directly in- 
fluenced by furnace temperature and were consequently 
higher with gas, probably because of the higher gas flame 
temperature resulting from lower excess air. It will be 
noted that the 185,000 Ib per hr coal test temperatures 
are somewhat low. ‘This test was the first run on coal 
and was started with the bare furnace walls, before slag 
had accumulated on them, so that proportionately more 
heat was absorbed by the water walls on that test. 

The draft loss through the unit was somewhat lower 
than that predicted and was lower when burning natural 
gas because of the lesser gas volumes. 

Steam generator efficiency decreases directly with the 
increase in dry gas loss, whereas the other losses increase 
only very slightly with an increase in excess air. On the 
coal-fired tests at 180,000 lb of steam per hour with 
varying excess air the efficiency dropped more rapidly 
with lower CO, than when burning gas. This was be- 
cause the proportion of dry gas to total products of com- 
bustion is greater when burning coal than when burning 
gas. Fig. 4 shows the effect of varying excess air on the 
efficiency for both coal and gas at 180,000 Ib per hr. 

Also, the steam temperature rises when the COs is 
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lowered. This temperature seems to rise more steeply 
when the excess air is increased while burning coal than 
with gas, probably because more dry gas is formed when 
burning a pound of coal than when burning a pound of 
gas. When burning coal it was necessary to open the 
superheater bypass damper a few inches in order to hold 
the steam temperature to the desired value. When the 
CO: was lowered the higher excess air increased the flue 
gas temperature with both coaland gas. As the CO, was 
lowered on the coal tests the temperature of the gases at 
the top of the furnace and at the boiler inlet rose, 
whereas with gas the temperature at these points was 
lowered. This was likely due to slag accumulations 
on the furnace walls during the coal run and de-slagging 
during the gas run. 


Effect of Steam Generating Rate on Flow of Slag 


At 80,000 Ib of steam per hour, or approximately one- 
quarter maximum rating, the slag began to drip over 
the nose at the center of the furnace after about two 
hours of operation. A dam accumulated over the re- 
mainder of the nose and large pieces of slag accumulated 
and dropped off into the water. At 136,000 lb per hr 
the slag ran freely over about three-fifths of the nose, 
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Fig. 4—Effects of varying excess air 


the remaining two-fifths being dammed; and at 185,000 
Ib per hr the slag ran over the entire nose, except for a 
small area at one side, and was well disintegrated, only a 
few large chunks being found on the disposal screen after 
the fine ash had run through. At 213,000 Ib per hr the 
slag ran freely over the entire nose and its disintegration 
was excellent. 

In the variable excess air tests it was found that the 
slag ran more freely as the CO, was increased. 














RESULTS OF TESTS ON NO. 5 STEAM GENERATING UNIT, RIVERSIDE STATION, DAVENPORT, IA. 


Burning Coal Burning Gas 


A —— 
— — al 








Date of test 8-6-38 84-38 8-3-38 8-9-38 7-30-38 7-29-38 7-28-38 8-2-38 
Duration of test, hr. 6 6 6 6 6 6 6 6 
Steaming rate, Ib per hr 80,000 136,000 185,000 213,000 80,000 130,000 182,000 223,000 
Pressures 
Superheater outlet, psi, gage 822.8 824.1 821.3 822.2 825.7 824.4 828.1 826.7 
Economizer inlet, psi, gage 978 985 992 1,015 987 1,003 993 1,001 
Air heater inlet, in. water 1.03 2.46 4.04 5.48 1.40 1.97 2.87 4.20 
Air heater outlet. in. water 0.63 1.57 2.45 3.42 1.03 1.37 2.2 2.48 
Fuel at burners, psi eeee eee sees eee 1.8 4.4 8.4 12.3 
Draft, in. of water 
In furnace 0.21 0.23 0.26 0.31 0.22 0.22 0.24 0.26 
| Entering boiler 0.16 0.16 0.20 0.20 pheits gia me 
| Boiler outlet 0.46 1.13 2.29 2.94 0.97 1.80 2.60 
Economizer outlet 0.40 1.52 3.22 4.08 0.41 1.21 2.50 3.78 
Air heater outlet 0.76 2.18 4.76 6.27 1.61 3.60 5.58 


Temperatures, F 
Boiler room 90 92 97 96 90 89 86 93 





| Superheated steam 667 732 772 832 666 714 764 799 
| Water to economizer 210 210 212 213 210 210 210 210 
Water entering boiler 297 308 320 331 294 302 314 319 
| Gases entering boiler, avg. 1,251 1,472 1,583 1,757 1,298 1,518 1,665 1,796 
Gases entering superheater, avg. 1,105 1,302 1,376 1,539 1,139 1,282 1,463 1,596 
| Gases leaving boiler 597 685 740 815 570 638 709 761 
Gases leaving economizer, avg. 358 422 456 505 336 375 420 459 
Gases leaving air heater, avg. 240 271 291 320 231 253 277 294 
Flue gas analysis, per cent 
Boiler outlet, COz, avg. 15.05 14.88 14.74 15.22 10.61 10.42 10.45 10.66 
2 avg. 3.77 3.87 3.84 3.72 2.22 2.41 2.21 1.99 
0 rer oe eens awe as  .wbnes as aad 
Air heater outlet, CO:, avg. 12.95 13.62 13.69 13.96 9.88 9.74 9.75 9.98 
O2, avg. 6.04 5.36 5.26 4.97 3.37 3.63 3.61 3.21 
O eoee $ée0 enna eee ce 0té‘é‘“S@ RW ‘ “ud 
Evaporation, Ib 
Per lb of coal as fired 7.737 7.415 7.306 7.141 acai eas eens ewes 
Per 10 cu ft of gas tated ae paced rae 7.881 7.561 7.337 7.246 
| Per 10,000 Btu 7.761 7.479 7.301 7.036 7.510 7.277 7.047 6.887 
Refuse analysis 
Per cent of fuel as fired 12.53 12.82 12.19 10.26 
Per cent of combustible (fly ash) 7.19 5.13 5 4.75 
Btu per lb combustible in fly ash 5,895 5,895 5,895 5,895 
Losses, per cent 
Dry fiue gas 3.81 4.25 4.59 5.18 2.66 3.15 3.63 3.80 
Combustion of H: 4.04 _ 4.08 4.00 4.06 10.31 10.50 10.58 10.53 
} H20 in coal 1.71 1.82 1.98 1.80 alts agar me eed 
H:0O in air 0.11 0.10 0.15 0.19 0.08 0.09 0.09 0.13 
| Unburned carbon 0.27 0.20 0.18 0.14 ee mee juan Pee 
| Unburned gas ones anes ives ere 0.10 0.10 0.10 0.10 
Radiation 1.46 0.85 0.62 0.54 1.46 0.90 0.63 0.51 
Heating of water in slag pit 0.16 0.31 0.54 0.74 0.16 0.29 0.55 0.90 
| Heat in slag 0.22 0.22 0.22 0.22 sta reg ke pene 
Mill tailings 0.08 0.08 0.08 0.08 iden es es - 
Total losses 11.86 11.91 12.36 12.95 14.77 15.03 15.58 15.97 
Efficiency, per cent 
By heat balance 88.14 88.09 87.64 87.05 85.23 84.97 84.42 84.03 
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Sturtevant Vane Controlled Forced Draft Fans 
SELECTED AGAIN 


because of high efficiency—saving in motor cost and power consumption 








Sturtevant Forced Draft Fans with Patented Vane Control at Rivesville Station of the Monongahela West Penn Public Service Company, serving 20 
counties in northern West Virginia. Plant engineered and built by Sanderson and Porter, New York. 


For Rivesville Station, Monongahela West Penn Public Service Company 


WO 315,000 Ib. per hour B&W Boilers replace six 1. Permit use of single speed motors instead of 
boilers to supply increased load demand. more costly variable speed motors 
Four patented Sturtevant Vane Controlled Mechanical 2. Eliminate the expensive and complicated con- 
Forced Draft Fans were selected to: trol required for variable speed motors 


3. Assure high efficiency 


4. Reduce motor power consumption 





5. Regulate automatically and instantly—pressure 
and volume 


Sturtevant Patented Vane Controlled Mechanical Draft 
Fans satisfactorily meet the demands of American and 
English utility and industrial plants. 


B. F. STURTEVANT CO., Hyde Park, BOSTON, MASS. 


Branches in 40 Cities B. F. Sturtevant Co. of Canada, Ltd.— Galt, Toronto, Montreal 


Sturtevant 


REGU S. PAT. OFF 
Two of the four Sturtevant Induced Draft Fans Me te F Uli 





installed in this station. 


E> 
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Purchase of Coal from 
Consumers’ Viewpoint 


At the Joint Fuels Meeting of the 
A. S. M. E. and the A. I. M. E. held in Chi- 
cago, October 13 to 15, one session was de- 
voted to a Panel Discussion at which 
papers were presented representing the 
viewpoints of the coal producer, the coal 
salesman, the purchasing agent and the 
consumer. Mr. Thorson’s paper deals 
with the consumers’ problem from the 
angles of reliability of supply and the 
value of the particular coal, in which are 
discussed such factors as ash-softening 
temperature, sulphur, size, weathering 
and caking properties, grindability and 
rate of burning. 


portant questions must be answered in connection 

with each coal purchase: first, How reliable is the 
source of supply? and second, What is the value of the 
coal? 

The answer to the first involves many factors, among 
which are, stability and integrity of the producing com- 
pany, transportation facilities, continuity of supply, pro- 
duction capacity, character and uniformity of coal seam, 
mining conditions and preparation and control of the 
shipped product. It is not the purpose of this paper to 
attempt a general discussion of these factors, but rather 
to emphasize that they shall be considered. The effect 
of each must be weighed in each case and a balance 
reached by those responsible for the purchase of coal. 

The second question, ‘“‘What is the value of the coal?” 
must be answered by those responsible for operation of 
the plants burning the coal. Where large tonnage is 
involved, small differences in coal value become large 
annual sums. It is necessary, therefore, that competi- 
tive fuels be evaluated with the utmost care and pre- 
caution, in order that the result will be an accurate guide 
to purchasing. 

Such evaluation is not simple. Many factors and 
quantities are involved, and some of these cannot be 
appraised until considerable experience has been accu- 
mulated with the particular coals. Too often coals are 
evaluated merely on the basis of heating value, moisture 
and ash content. Although these properties are of pri- 
mary importance, one may be grossly misled by the as- 
sumption that such a comparison is final or nearly so. 
It merely compares the price of heat units delivered to 
the plant. A complete comparison must include the ef- 
fect of the coal properties upon every phase of operation 
and maintenance expense from the coal pile to the stack, 
and out to the refuse pile. Such a comparison must be 


: ROM the viewpoint of the coal consumer, two im- 
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By A. W. THORSON 
The Detroit Edison Company 


made for each plant and perhaps for several types of 
equipment in the same plant. The final result frequently 
reveals that the most economical coal, when considering 
the price of delivered heat units only, is the least eco- 
nomical in the final analysis because of increased plant 
expenses resulting from its characteristics. 

The usefulness of moisture, ash and heating value for 
coal evaluation is generally recognized. Attention is 
therefore invited to a consideration of some other coal 
properties and how they affect coal value. 


Ash-Softening Temperature 


The fusion characteristics of coal ash are extremely 
important in steam plant operation. Clinkering and 
slagging are major operating problems, and a means of 
predicting clinkering accurately from the chemical prop- 
erties of the ash is yet to be found. Ash-softening tem- 
perature is the best index available, but it is only one 
factor in a complex action and is therefore misleading at 
times. In spite of this, experience has developed certain 
relationships between ash-softening temperature and 
other properties which are valuable in deciding the mini- 
mum tolerable fusion value for a given plant and load. 
In the absence of better information, purchasing must be 
guided by this experience. 

In many cases, the minimum fusion value is set by 
furnace size. Ideally, the furnace should be propor- 
tioned so that the temperature of the flue gas leaving the 
furnace and striking the first bank of boiler tubes shall be 
below the ash-softening temperature, thereby minimizing 
tube slagging. This applies to both stoker-fired and 
pulverized-coal-fired furnaces. In practice, however, a 
compromise must be reached. To satisfy this condition 
at maximum ratings an extremely large furnace would be 
necessary, whereas reduced ratings would call for an ex- 
tremely large superheater, because the large furnace re- 
duces the gas temperature at the superheater. If, how- 
ever, the unit is to operate normally at high ratings, the 
need for a larger superheater vanishes, and the invest- 
ment in a large furnace may be justified. Whatever 
compromise is reached will be reflected in operation. 
Use of lower-fusion coals or higher burning rates than 
normal will be accompanied by increased slagging. 

It is apparent, therefore, that once a furnace is de- 
signed, the minimum ash-fusion value is set and nothing 
but reduced load requirements will permit the use of 
lower-fusion coal. On the other hand, fusion values 
higher than necessary do not add to the value of the coal. 
In the case of slag-bottom furnaces, higher fusion may 
even be a disadvantage and, conversely, low fusion may 
command a premium price, where furnace design and 
load requirements make it difficult to keep the slag in the 
molten state. 
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Consideration of these facts leads to the conclus.on that 
coal value in general does not vary with ash-softening 
temperature, and any attempts so to adjust coal prices 
are without foundation. The allowable range of fusion 
values must be determined by experience in each plant, 
and purchasing must then be guided by it. 


Sulphur 


The importance of sulphur content in coal has been 
possibly over-emphasized. It is true that high sulphur 
usually accompanies other undesirable properties but, 
in itself, sulphur content is not a good index of clinkering,' 
nor of spontaneous heating.? Moreover, one cannot pre- 
dict the amount of tube and furnace slagging from the 
sulphur content. Coal washing in many cases reduces 
the total sulphur content, increases the ash fusion and 
decreases tube slagging. The volatile sulphur com- 
pounds seriously raise the dew-point of flue gases, 
thereby increasing the danger of sulphuric acid forma- 
tion and the corrosion of heat transfer equipment. The 
rate of such corrosion must be determined for various 
coals and allowance made for maintenance. Failure to 
recognize this item may prove costly. 


Weathering Properties 
The ability of a coal to withstand exposure and spon- 
taneous heating must be considered where coal is to be 
stored. Coal which tends to heat in storage or which 
slacks badly and carries excess moisture when reclaimed 
will increase operating costs. These effects must be con- 
sidered in evaluating the coal. 


Caking Properties 


For stoker firing, the caking properties of a coal are 
very important. It is unfortunate that measurement of 
this property has not been standardized, and very little 
data are available. As a result, the effect of varying 
caking properties upon operation must be relegated to 
evaluation by burning test. 

If the coal is weak in caking power, the carbon loss to 
the ashpit may be excessive. If too strong, it may in- 
crease the fuel-bed resistance to a point where the boiler 
capacity is reduced. Change from a coal with unsuit- 
able to one with suitable caking properties may reduce 
operating and maintenance expenses appreciably. 


Coal Size 


Sizing receives little attention in the power plant. On 
stokers, different sizes of the same coal will exhibit differ- 
ent caking properties, and will burn at different maxi- 
mum rates. These variations should be investigated, 
because a plant with just sufficient capacity might change 
to a different size coal and avoid investmerit in new ca- 
pacity. Carbon in the refuse, stack losses and smoke 
emission are all functions of size, and the subject must 
receive more study if sizing is to be properly evaluated. 

It is generally assumed that the size of a pulverizer 
fuel is unimportant. In some of the older bin systems, 
however, facilities for drying the coal are limited. The 
smaller sizes may pick up moisture in transit or in stor- 
age to such a degree that driers and mills will be plugged 
with wet coal. Where such conditions prevail, size may 
become extremely important to continuity of plant opera- 
tion, and a higher-priced, larger-sized coal justified. 





1“The Sulphur Problem in ier 4 «4 @ by J. F. Barkley, U. S. Bureau 
of Mines Technical Paper No. 436, 1928 p. 3. 
“Spontaneous Heating of Coal,” 7 S. D. Davis and D. A. Reynolds, 
vw. ‘S. Bureau of Mines Technical wil No. 409, 1928, p. 41. 
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Grindability rating of coal is not important to the 
pulverizer plant that has ample mill capacity. In sucha 
plant, a high grindability does reduce the grinding cost, 
but auxiliary power is cheap within the plant, and a re- 
duction of even half the total power cost of pulverizing 
would warrant only an insignificant addition to the price 
of coal. 


Rate of Burning 


Although not solely a property of coal, the rate at which 
each coal can be burned in a given plant must be known. 
This may be limited by the ignition rate of the coal, its 
ash-fusion temperature, emission of smoke or fly ash and 
many other factors. A coal may be apparently the most 
economical of all those available, yet because of some 
limitation, the allowable maximum rate of burning may 
be below that necessary to carry the load. Unless the 
saving resulting from the use of this coal warrants a de- 
sign change or investment in added capacity, this appar- 
ent economic first choice cannot be adapted to the plant. 
Nor is it suitable if the necessary burning rate is carried 
at the expense of increased maintenance, where the in- 
stalled boiler capacity is just sufficient. The resulting 
increased outage in such case will reduce capacity of the 
plant. 

In the Detroit Edison Company, coal is purchased ac- 
cording to the following method: 

A continous search of the market indicates possible 
sources of supply. Trial shipments are sampled and 
analyzed, and evaluated on delivered heat-unit basis. 
If promising, larger shipments are tested in the plant, 
and operating expenses and maximum allowable burning 
rate are determined. Storage properties are tested. If 
suitable, the coal is purchased regularly and the equip- 
ment carefully watched for evidence of increased main- 
tenance. Under this procedure, the puchasing and op- 
erating departments cooperate in an effort to produce the 
lowest overall fuel cost. 


Summary 


The aim of those connected with the utilization of coal 
for steam generation is to improve overall cost economy. 
There are two general methods: increasing boiler-room 
efficiency and selecting more economical coals. The 
farther the plant is from its source of supply, the more 
important the differences in efficiency become; the 
nearer to its source, the more important differences in 
coal value become—the term, ‘‘coal value,”’ referring to 
the summation of delivered coal cost, handling and burn- 
ing costs and all resulting changes in operating and main- 
tenance expenses. 

The efficiency limit is principally in the hands of the 
designer. Once the plant is built and properly operated, 
improvement in economy is limited to purchase of more 
economical fuels. Determination of coal value can be 
accomplished only by proper coordination of market 
conditions, plant equipment and load requirements. 
Many limitations are placed on coal buying by design; 
others by age or condition of equipment; still others, such 
as sulphur content, size, caking properties and ash fu- 
sion are governed by experience and load requirements. 

It is important that these limitations be not only rec- 
ognized but that they be proven to be real, for in the 
words of Gould’, “‘failure to see the real absence of coal- 
buying limitations is just as costly as their existence.” 





8 “‘Buying Coal for Profit,’? G. B. Gould, Power, April 28, 1931, p. 663. 
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New Topping Unit for 
L Street Station, Boston 


By GEORGE A. ORROK, JR. 


Boston Edison Company 


In this paper, presented at the Fall 
Meeting of the A. S. M. E., Providence, 
R. I., om October 5, the author reviewed 
the engineering studies leading to selec- 
tion of steam conditions, sizes and types 
of equipment best meeting the require- 
ments for topping the existing 300-lb 
turbines at the L Street Station of the 
Boston Edison Company. The extension 
includes two 375,000-lb per hr pulverized- 
coal-fired boilers supplying steam at 1200 
lb, 910 F, to a 20,000-kw high-pressure 
turbine-generator exhausting at 300 lb. 


a capacity of 198,000 kw, which is augmented by 
tie lines from the Edgar Station ample to carry the 
peak loads which were anticipated for the near future. 
However, 96,000 kw of this capacity consists of eight 
vertical turbines served by forty-eight 200-lb pressure 
boilers, which naturally are quite uneconomical to op- 
erate. The remaining 102,000 kw of capacity consists 
of three horizontal turbines served by twelve 300-lb pres- 
sure boilers. These turbines are in good condition and 
can give many more years of useful service. The boilers, 
however, are not comparable to modern units in economy. 
With these conditions, it was apparent that a super- 
posed high-pressure unit at this station would make de- 
sirable fuel savings: first, it would provide economical 
boiler capacity for the horizontal turbines; second, the 
addition of the high-pressure turbine would form a gener- 
ating unit with economy comparable to the best; third, 
the 300-Ib boilers released would give a reliable source of 
steam to operate the vertical turbines for peak load 
service. 

Preliminary economic studies confirmed the general 
conclusions just stated. Various schemes were es- 
timated. Load duration curves were prepared from 
which the power generated by the new units was cal- 
culated and the operating savings determined. These 
savings were capitalized and plotted with the costs. 
This analysis indicated that a topping unit of rather small 
size, over the 300-lb turbines, would earn the best return 
on the investment. Other types and sizes of units could 
not be justified by savings, and, even if greater capacity 
were later needed, the study indicated that the topping 
unit should be installed first. The decision was made 
to purchase a 20,000-kw high-pressure turbine, which 
was the standard size nearest in capacity to the eco- 
nomic size. 


| HE existing equipment in the L Street Station has 
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The next question was to select the heat balance. At 
present, condensate at 185 F is discharged from the 300-Ib 
turbines after passing through oil and air coolers and 
barometric heaters. The barometric heaters condense 
the steam from the exhaust of the existing steam-driven 
auxiliaries. 

Since the top will deliver less steam than is required 
by the 300-lb machines, there will be a surplus of con- 
densate at normal station loads available for the high- 
pressure boilers. For periods of light loads, adequate 
condensate storage will be installed. This means that 
the 300-Ib boilers will serve as evaporators for makeup 
to the high-pressure boilers. 

This decision to use 185-F condensate at once made 
definite the proper heat balance. It was apparent that 
the new oil and air coolers must be cooled from some 
other source of water. Fortunately, a convenient supply 
was found in the salt water pumped to the gas scrubbers 
installed in the two chimneys serving the 300-Ilb boilers. 
The salt water will pass through a heat exchanger and 
cool a circulating fresh-water system supplying the gen- 
erator air and oil coolers and the bearings of the station 
auxiliaries. 


Cross-over Heater Not Justified 


Early studies had considered a deaerating and a 
cross-over heater. More complete analysis, however, 
showed that a cross-over heater could not be justified, 
for the following reasons: Considerable difference exists 
between the efficiency of the 1200-Ib and the existing 
300-lb boilers. The top supplies steam for only a part 
of the 300-lb turbines; hence some of the 300-lb boilers 
must be run the greater part of the time to operate the 
remaining turbines. Any steam taken at 300 lb for 
heating the feedwater of the 1200-lb boilers would mean 
increased operation of the low-efficiency 300-lb boilers. 
This would cause a thermal loss greater than any pos- 
sible gain in cycle efficiency. It is believed that this 
will be found generally true where topping units are 
installed which do not cover the entire low-pressure 
plant. 

This same argument might have been extended some- 
what to bleed heating at lower pressures. However, 
since heating to deaerating temperatures was necessary, 
and as the reliability of turbine-driven boiler feed pumps 
seemed desirable, a balance was found between boiler 
feed-pump power requirements and steam for deaeration, 
at a pressure of 55 lb gage, corresponding to a feedwater 
temperature of 300 F. 








With these decisions made, the addition of a gland 
steam condenser in the line to the deaerator completed 
the flow diagram and the heat balance, as shown in Figs. 
1 and 2, respectively. 

As the study of the heat balance had considered only 
the normal source of power for driving the boiler feed 
pumps, the general question of auxiliary power next re- 
quired attention. Twenty-three-hundred-volt alter- 
nating-current motors were finally chosen, based on the 
present practice in the more modern stations and the 
difficulty and expense of procuring direct-current motors 
of adequate size and speed (1250 hp for the boiler feed 
pumps and 1000 hp for the induced-draft fans). 

Metal-enclosed switching equipment has been pro- 


As finally purchased, the turbine-generator has a 
nominal rating of 20,000 kw; the generator, 37,500 kva, 
to correct a deficiency in kva capacity in existing units, 
caused in part by rating up existing turbines. Actually, 
the turbine is expected to have a capacity of 25,000 kw 
at 300 lb and 31,250 kw at 200 lb back pressure. The 
speed is 3600 rpm, which with the throttle conditions 
of 1200 lb and 900 F, gives the lowest cost machine. 
In the comparison of bids, no very good case could be 
made for hydrogen cooling of the generator for this size 
of machine. The cost was higher and operating dif- 
ficulties were feared. 

Normal excitation is supplied by a direct-driven ex- 
citer and pilot exciter, the manufacturer convincing the 
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Fig. 1—Diagram of connections for high-pressure boilers and various auxiliary equipment 


vided for controlling the 2300-volt auxiliaries of the new 
unit and feeding the transformers for the lower voltage 
power and lighting services. The circuit-breakers are 
of the Deion air-break type. This equipment is mounted 
in a separate room from the main switchboard and func- 
tions as a substation by itself. 

Having roughed out the basic design, the next step 
was the selection of equipment. The turbine-generator 
specifications offered little of particular interest, with 
the exception of the large-sized kva generator and the 
possibility of future operation at 200 Ib back pressure. 
The steam conditions of 1200 lb and 900 F were deter- 
mined since expansion from this condition gave exhaust 
steam of the proper temperature for the existing 300-lb 
625 F turbines, and also for the 200-lb 525 F turbines. 
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purchaser that commutation at 3600 rpm would be satis- 
factory. 
The generator is equipped with a CO, system of fire 
protection. 
Steam Generating Units 


The boiler specification offered a few more problems. 
The decision in favor of pulverized coal rather than 
stoker firing was made with little discussion despite 
the fact that all the previous electrical generating ex- 
perience of the company had been with stokers. How- 
ever, at the Kneeland Street steam heating plant there 
is a modern pulverized-coal installation of comparable 
capacity, and studies showed that first cost, reliability, 
maintenance and operating cost all favored pulverized- 
coal firing for L Street conditions. 
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With pulverized coal it was possible to design the ig- 
nition oil torch system to use heavy oil and provide 
relay capacity for the loss of a pulverizer at little ex- 
pense. The system can be extended for full capacity oil 
burning if desired in the future. 

At Kneeland Street slagging has never been a prob- 
lem, perhaps because of steam heating load factors. 
However, boiler cleanliness has always been a serious 
problem in the stoker-fired plants; hence a very im- 
portant part of the specification was devoted to securing 
a boiler which could be maintained clean. To this end 
the furnace heat release was specified at 25,000 Btu per 
cu ft maximum and various clauses were added to give 
as low a gas temperature entering the boiler tubes as was 
consistent with the desired superheat. The boiler pur- 


little tendency to plaster slag on the lower part of the 
boiler tubes. 

The next item studied was dust catchers. Here the 
only important specification was high efficiency, and 
bids were received on electrostatic, wet scrubbers, and 
mechanical-type dust catchers. In the comparison, 
there were figures on the maintenance cost of wet scrub- 
bers at the Kneeland Street heating plant and on various 
mechanical types at the generating stations. Data were 
collected from other companies on the performance and 
operating cost of the Cottrell type. A careful com- 
parison of the cost to own and operate equipment of 
adequate efficiency (better than 90 per cent) was made, 
as a result of which electrostatic precipitators were pur- 
chased. 
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Fig. 2—Heat flow diagram for L Street Station 


chased (see Fig. 3) has these features and gas will enter 
the first tube row at 2100 F which is below the softening 
temperature expected in the ash. 

Another problem occurred in superheat control re- 
quired by the close limits necessary with 910 F steam. 
Despite the excellent performance of radiant super- 
heaters elsewhere, it did not seem wise to become in- 
volved in their design problems, and this left damper 
control as the desirable alternate. A mistrust of damp- 
ers in general and hot dampers in particular led to the 
specification that maximum gas temperature at the 
damper be less than 1325 F. The final design is a mul- 
tiple-hinged leaf damper with individual rod operators 
for each leaf. 

The boiler manufacturer did not offer his special 
tangentially fired furnace because it was not considered 
advantageous for a small-sized dry bottom unit. How- 
ever, by firing horizontally under the mud drum, there 
will be a very effective use of the furnace volume and 
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This decision determined the final draft conditions 
which showed that the fans for L Street would require 
1000-hp motors. The most reliable type available was 
the constant-speed induction motor. Fan bids were 
received on vane control, hydraulic coupling control, and 
on dual-vane control, with forced- and induced-draft 
fans on one shaft. Again maintenance and operating 
costs received careful attention. The efficiency of vari- 
able capacity devices at partial loads was considered and 
the results applied to a load duration curve. Although 
the dual fan showed somewhat the better on cost com- 
parison, the decision was finally made to purchase vane 
controlled forced-draft fans and hydraulic-coupling-con- 
trolled induced-draft fans. The advantage of separate 
units and reduced wear of the variable speed induced- 
draft fan overbalanced any slight cost consideration. 

This investigation showed large-sized hydraulic cou- 
plings in a very interesting stage of development. In the 
earlier couplings, one-half of the coupling had been 
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mounted on the motor shaft, the other in a pedestal 
bearing, with a thrust bearing between the two halves. 
A second development had removed the internal thrust 
and substituted a special thrust bearing built into the 
motor bearing. The third and final design, existing on 
paper only at the time the order was placed, consisted 
of two pedestal bearings, each with a thrust bearing. 
One shaft extends through the hollow shaft of the other, 
with internal bushings. The whole forms a complete 
unit connected to the motor and fan with flexible cou- 
plings. This design and the development work were care- 
fully reviewed and finally adopted, although in the de- 
sign of this unit there was no intention to pioneer. 

The selection of boiler-feed pumps was relatively sim- 
ple since a number of designs were available, with very 
good performance records. The Company’s experience 
with 1400-lb pumps had provided judgment as to the 
details. The pumps selected were of relatively small 
capacity, 400,000 lb per hr each, 3600 rpm, and complete 
100 per cent spare capacity. Two were motor-driven 
and two turbine-driven. : 


Piping Design 


During this time the question of piping design had 
been studied. The practice of the Company had taken 
up welding gradually. For many years the steam 
mains of the district heating system had been welded 
because their inaccessibility required the most permanent 
form of joint. In 1927 the economy of welding low- 
pressure condensate and bleeder steam lines was recog- 
nized and employed at Edgar. In 1930 at Kneeland 
Street, one step farther was taken, and boiler-feed lines 
were welded. For this L Street installation, it was ap- 
parent that flanged joints for 1400 lb and 910 F were 
not well standardized, although the experience with 
Sargol joints at 1400 lb and 750 F had been satisfac- 
tory. A rough study of joint costs, based on unit prices 
submitted by piping companies, led to the following 
general conclusions: 


At low pressures flanged pipe is cheaper than welded 
pipe for the larger sizes. 

At high pressures welding is cheaper than flanging. 

Screwed joints cost one-half as much as other types. 


Welded construction among neighboring companies 
appeared to be giving satisfaction. Therefore, it was 
decided to employ welding as much as possible through- 
out the installation. Welding was indicated for the 
valves of high-pressure steam lines since the only alter- 
native was seal-welded Sargol joints at a greater ex- 
pense. Low-pressure valves and most high- and low- 
pressure water valves were flanged, since adequate joints 
were available for these services. 

On the basis that remote operation is necessary and 
that the cost of full automatic control adds little to the 
cost of remote controls and instruments, full automatic 
combustion control has been used by the Company. 
In selecting the equipment, considerable weight was 
given to the measurement of fuel-air ratios by funda- 
mental measurements such as CO: or steam flow-air 
flow, rather than by feeder speeds, etc. The control 
selected is air-operated—the master, ‘‘more or less,’’ im- 
pulses coming from steam pressure. Fuel feed is regu- 
lated directly from the master; steam flow-air flow con- 
trols the induced-draft fan, while furnace draft is regu- 
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lated by the faster vane-controlled forced-draft fan. 
In making this last decision, the old familiar discussion 
as to whether forced draft or induced draft should con- 
trol furnace draft was encountered. With fans and 
centrols of equal speed of response, it should be obvious 
that there is no choice in this matter, since both act in 
a simple series circuit. In this case, with the hydraulic- 
coupling-driven induced-draft fan considerably slower 
than the vane-controlled forced-draft fan, the argument 
was reduced to whether it was more important to have 
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Fig. 3—Section through one of the two high-pressure 
steam generating units 


the furnace draft or the total air flow correct under tran- 
sient conditions. The decision was made in favor of the 
furnace draft, which regulates ignition and possible 
puffs of flame through access doors. 

Superheat is regulated by a damper, as previously 
mentioned, and this is automatically controlled from 
temperature regulators in the leads from each boiler. 
These instruments are mastered by a third temperature 
regulator in the turbine exhaust, which protects the 
existing low-pressure equipment from excessive tempera- 
tures. 

Temperature control and protection are further pro- 
vided by the pressure reducing and desuperheating equip- 
ment. The principal item is the large bypass line 
around the high-pressure turbine of 800,000-lb per hr 
capacity. This will function to supply low-pressure 
steam in case of trip-out or when the turbine is out of 
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service. It is fully automatic, the reducing valve being 
controlled by downstream pressure and the desuper- 
heater by steam flow and downstream temperature. A 
smaller bypass is provided for low loads and to supply 
steam to the auxiliaries in case excess high-pressure steam 
is available. Auxiliary desuperheating nozzles are 
provided in the turbine exhaust as a final guarantee that 
temperatures to existing equipment will not be danger- 
ous. 

The final piece of automatic-control equipment was 
made necessary by the close clearances of the 3600- 
rpm high-pressure boiler-feed pumps. These pumps at 
full shut-off will overheat and seize in a very few seconds. 
Since, in the parallel operation of steam and motor- 
driven pumps, shut-off of a pump might frequently oc- 
cur, boiler-feed-pump bypass control is required. Its 
primary function is to open a bypass around the pump 
and thus keep the pump cool. This control must act 
rapidly, and it was considered best to have it actuated by 
the fundamental measurement of water flow to the pump. 

It was also desirable to control the discharge pres- 
sure of the pumps so that motor- and turbine-driven 
pumps would parallel and keep a stable constant excess 
pressure for boiler-feed regulation. For this purpose, 
an air-operated control actuated by excess pressure va- 
ries the turbine governors and positions throttling valves 
in the motor-driven pump discharges. 

Having provided these two devices, the additional cost 
of complete flow-ratio control seemed small, and it was 
accordingly purchased so that the various pumps in 
parallel can be set to carry any desired fraction of the 
load. 


Ash-Handling System 


Another piece of apparatus that gave considerable food 
for thought was the ash-handling system. Experience 
in the various plants, which has covered all types of 
apparatus, including pneumatic conveying, in a small 
way, proved that all of these methods require consider- 
able handwork and could stand further development. 

This case differed from the others because of the large 
quantities of dry dust expected from the Cottrell pre- 
cipitators. Investigations disclosed that this dust could 
be well handled pneumatically once it could be started 
into the feeders. Further investigations disclosed that 
pneumatic handling even of the ashpit refuse was prac- 
tical and offered advantages of accessibility for hand 
manipulation of hard, large clinker formation. There- 
fore complete pneumatic ash handling equipment was 
purchased, special care being given to make the hoppers 
steep sided, and vibrators were provided where trouble 
was anticipated. 

The ash conveyor piping discharges through a cen- 
trifugal separator and bag filter to a cylindrical tile tank, 
which empties into ash trucks through a rotary mixer, 
in which water is added for dust control. 

Throughout the design of the plant, an effort has been 
made to balance investments against operating costs. 
This is somewhat in contrast to the old principle that the 
best is none too good. The difference can be plainly 
seen in the power plant building itself, where glazed tile 
of intricate pattern has given place to simple partitions 
of hollow tile. Stair rails are simple pipe railings in- 
stead of ornamental castings with brass rails. The 
money has been spent only where the earning power of 
the investment could be demonstrated. 
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One other contrast in the building should be men- 
tioned, and that is the structural steel frame. In the 
new extension, the progress of power plant design gave 
heavier loadings, more auxiliary equipment, dust 
catchers, deaerators, and the chimney supported on the 
building. In consequence, it was economical to design 
our steel as a continuous frame, by the Hardy Cross 
moment distribution method. This design, which per- 
mits the utilization of fixed connections of beams to 
columns, achieves economy by reducing the size of beams 
and girders, taking some of the moment in the columns. 
Since wind bracing was also eliminated by increasing 
the stiffness of connections, there are some very unusually 
heavy connections in the steel. 

This superposed extension is not yet in operation. 
The Boston Edison Company has confidence that an 
economical investment has been made because of its 
experience at Edgar Station and because of studies simi- 
lar to those discussed in this paper. Jackson & More- 
land, of Boston, were consulting engineers on this work. 


List of Principal Equipment—High-Pressure 
Extension at L Street Station 


TURBINE-GENERATOR Westinghouse Electric & Mfg. Company 
20,000 kw, 37,500 kva; steam 
conditions, 1200 Ib, 910 F, to 
300-200 Ib 
BOILERS 
Two of 375,000 lb per hr capacity; 
1200 Ib pressure, 910 F total steam 
temperature 
INDUCED-DRAFT FANS 
Two 1000-hp variable speed 
HYDRAULIC COUPLINGS, two 
FORCED-DRAFT FANS 
Two 300-hp vane control 
PULVERIZERS 
Four Raymond bowl mills 
BOILER FEED PUMPS 
Four 1250-hp, 400,000 Ib per hr 
DUST CATCHERS 
Two Cottrell | ———— 
DEAERATOR 
Two 400,000 Ib per hr, 55 Ib, 300 F 
ASH-HANDLING SYSTEM 
Completely pneumatic 
BOILER CONTROL 
SUPERHEAT CONTROL 
BOILER FEED PUMP CONTROL 
DESUPERHEATING AND 
PRESSURE-REDUCING 
EQUIPMENT 
LARGE MOTORS 
For boiler-feed pumps, fans, pul- 
verizers, etc. 
TURBINES 
For driving boiler feed pumps— 
1350 hp. 


Combustion Engineering Company, Inc. 


B. F. Sturtevant Company 


American Blower Corporation 
B. F. Sturtevant Company 


Combustion Engineering Company, Inc. 
Ingersoll-Rand Company 

Research Corporation 

Worthington Pump and MachineryCorp. 
United Conveyor Corporation 

Bailey Meter Company 


Leeds & Northrup Company 
Republic Flow Meters Company 


Republic Flow Meters Company 
General Electric Company 


Moore Steam Turbine Company 





New A.S.T.M. Standard 
for Boiler Tubes 


Among several new standards lately approved by the 
A.S. T. M. is one involving particularly the field of pipe, 
boiler tubes and tubing materials. One noteworthy 
change was to issue revisions in the form of new tentative 
specifications to replace immediately the standard 
covering lap-welded and seamless steel and lap-welded 
iron boiler tubes (A 83-36). The new tentative speci- 
fication (A83-37T) is especially significant because 
the committee has recognized the advantages of desig- 
nating wall thicknesses by decimals in place of Bwg 
and fractions, as well as the desirability of indicating 
permissible variations for wall thickness and weight in 
percentages rather than by the existing dual system. 
The former grade of medium carbon material in the 
specification was deleted and a new tentative speci- 
fication for medium carbon seamless steel boiler tubes 
was approved. 
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NEW EQUIPMENT 





Desludging Valve 


A new automatic desludging valve has 
been developed by. the Permutit Company 
as a part of its hot-process lime-soda water 
softener in which sludge must periodically 
be removed from a settling tank. The 
new desludging valve permits the flow 
of sludge from a container by gravity or 
under pressure. Automatic operation of 
such a valve is highly desirable because 





To Sewer 


periodic desludging by hand is apt to be 
overlooked or postponed for such an in- 
terval as to impair the efficiency of opera- 
tion. With automatic desludging this is 
accomplished under precise control, thus 
assuring uniform conditions. The valve, 
as here shown, is motor-operated and of 
simple construction. 


Gas Flow Meter 


The illustration shows the new Cochrane 
ring-balance flow meter for low-pressure 
gas measurement. This instrument is de- 
signed for operating differentials as low as 
2 in. of water and is applicable to measure- 
ment of gases at pressures below those for 





which the customary types of mercury- 
sealed flow meters are suitable. 

The meter consists of a ring-shaped hol- 
low body, rotably supported on knife 
edges at its center, so as to be capable of 
turning freely. The annular body is partly 
filled with water, oil or an anti-freeze 
liquid, and is divided at the top by a par- 
tition wall, to each side of which a flexible 
tube is led for the purpose of subjecting the 
unit to the differential pressure from an 
orifice or flow nozzle through which flow is 
to be measured. When flow occurs 
through the orifice plate, the resultant dif- 
ferential pressure causes the liquid in the 
ring balance to be transferred from one side 
to the other, whereupon the ring balance 
rotates to a new position of equilibrium. 
Motion is maintained proportional to flow 
by a suspended weight and cam. 

It is characterized by high operating 
power for low-pressure gas measurement, 
charts and indicator scale graduated uni- 
formly in terms of flow, a calibrating 
weight by means of which the accuracy 
may be checked quickly, direct-reading 
integrator and guaranteed accuracy. 


Mechanical Oil Burner 


A new variable capacity mechanical 
atomizing oil burner has been brought out 
by Todd Combustion Equipment, Inc. 
Among its special features are unlimited 
firing range without change of burner tips, 
change in oil delivery pressure, or change 
in angle of spray, and automatic control. 
It operates at 300 lb working pressure. 

Because of the automatic control and 
the fact that its capacity curve is a 
straight line rather than a square-root 
curve, and that the air-flow curve is also 
a straight line, a constant ratio of fuel-to- 
air is maintained throughout the entire 
range of boiler operation, thus maintain- 
ing maximum COs. 


New Nickel Alloy 


A new alloy, containing 98 per cent 
nickel and designated as ‘‘Z’’ Nickel, has 
been brought out by The International 
Nickel Company after six years of labora- 
tory and field study. It has been pro- 
duced with a tensile strength as high as 
250,000 lb per sq in. and a hardness of 
46 Rockwell C. In its unhardened or 
annealed condition it fabricates almost as 
easily as pure nickel. The metal can be 
heat-treated after fabrication with little 
if any distortion since heat treating is 
carried out at relatively low temperatures, 
usually 890 to 930 F for from six to 
sixteen hours. Quenching from 2000 F 
is necessary to render “Z’”’ Nickel sus- 
ceptible to heat treatment. 

The commercial production of ‘Z” 
Nickel is too recent to indicate the range 
of its possible applications, but it has 
already been used for hand tools, spring 
coils, wire brushes and a variety of elec- 


trical applications. It is produced as hot 
rolled or cold rolled strip in a wide 
range of sizes and in various tempers, 


pH Slide Comparator 


A new Slide Comparator for the colori- 
metric determination of pH, chlorine and 
phosphates has been developed by W. A. 
Taylor & Co., Baltimore. The outfit is 
molded entirely from plastic, radical 
changes in design having resulted in im- 
proved appearance, durability and ease of 
handling; also the weight has been re- 
duced to 1!/, lb. Its dimensions are 10 X 
4 X 2'/s in. All pH, chlorine and phos- 
phate values, as well as the indicator 
names, are engraved in white directly on 
the plastic slides. 

The new Comparator consists of a slide 
anda base. Each slide contains nine color 
standards alternating with ampoules of 
distilled water. All color standards are 
guaranteed by the manufacturer to main- 
tain their accuracy for a period of 5 years. 
The base contains two vials of indicator 
solution, with 0.5 cc pipettes, 5-5 cc test 
tubes and a piece of etched glass in a 
special compartment. 

Determinations are made by filling three 
of the test tubes with the test sample, 





adding 0.5 ce of indicator solution to the 
middle one, placing the slide on the base 
and moving it back and forth until the test 
sample matches one of the color standards. 
The pH, chlorine or phosphate value is 
then read off directly from the values on 
the slide. One base can be used with any 
number of color standard slides. 


2500-Lib Safety Valve 


The Consolidated Safety Valve Division 
of Manning, Maxwell & Moore, Inc., an- 
nouces the completion of a new line of 
safety valves for elevated pressures and 
temperatures up to 2500 Ib at 1000 F. 
These new valves are to be installed on 
the highest pressure commercial steam 
boiler ever built in this country. 

Special alloy steels with low coefficients 
of expansion have been selected for the 
bodies, bonnets, springs and trim so that 
these valves will provide the same safety 
performance at this new high in operating 
conditions that is regularly produced in 
safety valves for 300-lb boilers. Bodies 
and bonnets are assembled with through 
bolts to prevent “‘freezing’’ at high tempera- 
tures. The trim is treated stainless steel. 
Constant seat diameter is insured by a new 
type of bevel seat in which the actual con- 
tact bearing between the seat and disk is 
always at the lowest portion of the seat 
surface. The single ring type of blow- 
down control is used. 


November 1938—C OMBUSTION 








Relation of Characteristics of 
Bituminous Coals to Their 
Use in Pulverized Firing 


This survey, undertaken by Bituminous 
Coal Research, Inc., was conducted 
through interviews with purchasing 
agents and engineers at forty-three plants 
in Ohio, Pennsylvania, New York and 
Michigan where pulverized coal is fired. 
Data were obtained on the effect of coal 
size and moisture upon the storage, han- 
dling, pulverizing and combustion of 
bituminous coal; also ash-softening 
temperature and oil treatment. The 
preferences of the users for the various 
sizes of coal on the market have also 
been obtained and classified. 


perienced several changes in the demand for the 

sizes of coal that are used in mechanical firing. 
More accurate screen sizing, double-screening and greater 
uniformity of size distribution in the coal sold to any 
group of customers have become the order of the day. 
With these changes have come additional problems in 
marketing. For example, in a certain high-volatile 
field, the production of 100 carloads of */s3 X 1'/4-in. coal 
for residential stokers results in the production of ap- 
proximately 83 carloads of 0 X °/s-in. coal, a market 
for which must be found during the same seasons. 

Plants in which coal is fired in pulverized form havea 
selection from a wider range of sizes than heretofore. 
They are naturally interested in taking full advantage of 
what the coal industry has to offer. Despite the fact 
that all of the coal they receive must be pulverized to 
the same small size before burning, regardless of its 
original size, the initial size range of particles has an 
effect upon the degree of satisfaction experienced at the 
plant. 

A survey of industrial and utility plants at which coal 
is fired in pulverized form was undertaken to determine 
the present trends in coal selection and the effects of the 
size and moisture content of coal upon the handling 
problems and upon the pulverizer capacity and power 
requirements. Comments and suggestions were solic- 
ited on any and all phases of the problem of firing a 
furnace with pulverized coal. 


Plants Included in Survey 


The survey was confined to the industrial centers of 
Ohio, Pennsylvania, New York and Michigan because 
coals from a larger range of seams could be included with 
less traveling time in this area than by going elsewhere. 


|) vein recent years the coal industry has ex- 
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The data were obtained from the purchasing agents, 
engineers and firemen of forty-three plants in seventeen 
cities. With the exception of one cement kiln, each 
plant used the coal to generate steam. A total of 
5,143,000 tons of coal was used in 1937 at the plants sur- 
veyed. 

Of these plants, twenty-six used coal above 30 per 
cent in volatile content (high volatile), eleven burned 
coal with less than 30 per cent volatile matter (medium 
and low-volatile) and six plants used both. The coal 
burned in these plants came from as far south as the 
Appalachian, New River and Pocahontas fields. Ap- 
preciable tonnages came from the Pittsburgh seam and 
from the medium-volatile area in Pennsylvania. A large 
part of the coal used in the Ohio plants came from the 
Ohio mines. 

The coal was received by truck at five plants, by 
barge or boat at eight, and by rail at thirty. 

Table I shows the numbers and percentages of the 
plants included in several brackets of annual tonnage 
used. Both large and small users were canvassed; the 
greatest number was in the class using from 10,000 to 
50,000 tons per year or about one to five cars of coal per 
day. 


TABLE I—SIZE OF PLANTS SURVEYED 


Size of Plant in Tonnage Number of Percentage 
of Coal Used per Year Plants of Plants 

Over 300,000 tons per year 8 18 
100,000 to 300,000 6 14 
50,000 to 100,000 7 16 
10,000 to 50,000 15 35 
5,000 to 10,000 5 12 
Less than 5,000 2 5 
43 100 


This report is limited entirely to technical features 
and purposely does not discuss questions regarding the 
selection of coal by size because of any economic factors. 
It is obvious, however, that the selection of coal sizes is 
made by the user with a consideration of price as well 
as the technical features. The most common practice, 
where proper evaluations are made, is to base the se- 
lection upon a comparison of the fuel cost per 1000 Ib of 
steam generated for those coals that could be handled 
and burned without serious difficulties. In that way 
both performance and cost of the coal influenced the 
selection. The chief engineers knew both the technical 
and economic factors affecting their plants and did not 
normally consider one without the other. 
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In a measure, most technical factors are influenced by 
the relative prices of various coals. For example, dif- 
ficulties with wet coal that would reduce the steaming 
capacity of an installation would be removed by a change 
in the equipment design if the price differentials in favor 
of the wet coal were large enough. 

The survey shows both the state of the art at the pres- 
ent time in the territory covered and the effect of sev- 
eral factors upon the use of coal. It is recognized that 
differences in the characteristics of high-, medium- and 
low-volatile coals render it impossible to make general 
statements applicable to all coals. 


Attitudes of Consumers toward Coal Sizes 


Table II shows the number of plants using and pre- 
ferring the several sizes of coal. These do not total to 
forty-three plants because some employed several sizes 
or preferred several sizes equally well. The degree of 
satisfaction with the size of coal in use can be appre- 
ciated from the fact that only six plants reported they 
did not include one or more of the sizes of coal in use 
among those preferred. The engineers at seven plants 
had no preferences on coal size except that the top size 
should not exceed 1!/. in. 


TABLE II—COAL SIZES USED AND PREFERRED 


Nominal Size of Coal Number of Plants Who 


As Received at Plant Use It Prefer It 
Run of Mine 1 2 
X 2in. 5 1 
0 X 11/2 and 0 X 11/4 in. 11 12 
0 X landO X #/gin. 20 15 
0 X 5/sin. 14 1l 
O X '/2in. 11 12 
O X 3/sin. 13 15 
O X ‘sain. 3 3 


As indicated, the size of coal now used and preferred 
in most of the plants surveyed isa 0 X 3/, or 0 X 1-in. 
coal. No distinction was made on merit between these 
sizes by the users. 

Table III is an analysis of the attitudes of the con- 
sumers toward the 0 X 3/,-in. size. Sixty per cent of 
the plants either use this size or prefer it to those now 
used. One-fourth of the users interviewed are pros- 
pects for this size because they are favorably inclined 
to try it. 


TABLE III—ATTITUDES OF CONSUMERS TOWARD 0 X 3/4- and 
0 X 1-IN. COAL. HIGH, MEDIUM AND LOW VOLATILE 


Percent- 
age of 
Number Percent- Tonnage 
Consumers of Coal for Pulverized ° age of Repre- Tons per 
Firing Plants Plants sented Year 
Those who use this size coal at 
least part of the time 23 53 61 3,159,170 
Of the balance, those who prefer 
this size coal and could use it 
satisfactorily, but are not using it 3 7 9 465,000 


Those who would use this size coal 

if it were treated to allay dust 

by oil, moisture or both 0 0 0 0 
Those who would use this size coal 

if it had a lower ash or moisture 

content than those now avail- 

able to them 0 0 0 0 
Those who have never tried coal 

with these top sizes but are 


favorably inclined to do so 11 26 27 1,386,528 
Those who cannot use or will not 

use these sizes 6 14 3 132,290 

Total 43 100 100 5,142,988 


Table IV shows a similar analysis of attitudes toward 
the 0 X */s-in. coal. Objections to this coal at several 
plants, other than the size itself, were the lack of dust 
treatment, excess moisture or excess ash content. Coals 
without these objections were, however, generally avail- 
able to each market area. 
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TABLE i OF CONSUMERS TOWARD 0 X 3/s-IN. COAL. 
HIGH, MEDIUM AND LOW VOLATILE 





Per- Percent- 
cent- age of 
Position Number age Tonnage 

to Coal Consumers of Coal for of Repre- Tonnage 

Trade Pulverized Firing Plants Plants sented per Year 
Present Those who use 0 X 3/s-in. 
Users coal at least part of the 

time 16 37 47 2,439,915 
Would-be Of the balance, those who 
Users prefer 0 X %/s-in. coal 
and could use it satis- 
factorily, but are not 

using it 7 16 4 206,693 
(Those who would use 0 X 
3/s-in. or smaller coal if 
it were treated to allay 
Prospects dust by oil, moisture, or 

for an both 3 7 14 695,000 
Improved Those who would use a 0 
Product X 3/s-in. coal which has 
a lower ash content or a 
lower moisture content 
than those now avail- 

able to them 2 5 nil 10,380 
Prospects Those who have never 
tried coal with a top size 
of less than 0 X 5/s in. 
but are inclined favor- 
ably to try 0 X 3/s-in. 

coal 6 14 ll 555,500 
Cannot Those who probably would 
Use 0 X not be prospects for 0 X 
3/s-In. 3/s-in. coal or have used 
Coal it and did not find 
it satisfactory for their 

purpose 9 21 24 1,233,500 

Total 43 100 100 5,140,988 


A further breakdown of these data by volatile contents 
did not indicate a difference in the attitudes shown in 
Tables III and IV for those who used high volatile coal 
from those using low or medium volatile coal. Twenty- 
one per cent of the plants did not find the 0 X %/;-in. 
coal satisfactory for their use for the individual reasons 
given in Table V. 


TABLE V—REASONS WHY 0 X 3/s-IN. COAL COULD NOT BE USED 


Number 
Reasons of Plants 
1. Bunker system was such that they could not keep pulverized coal 
separate from stoker coal and therefore bought a size suitable 
for stokers 2 
Coal hoisted with clam-buckets. Loss and dust with small coal 
was prohibitive 
Want still smaller coal (0 X '!/4 in.) to get necessary grinding 
capacity 
“Small coal makes mills rumble’’ 
0 X 3/s-in. coal reduced mill capacity with obsolete make of mills 
Would need extra men to unload 0 X #/s-in. coal if moist enough 
to allay dust as desired 


- 


err F 
ore 


ee ) 


Total 


Technical Factors Affecting Use—Unloading of Coal 


Where coal was received by boats or barges that drew 
up to the dock beside the steam plant, the cargo was 
unloaded by clam-buckets that raised the coal from the 
holds and deposited it on storage piles. Some loss of coal 
into the water and a dust nuisance occurred when the 
coal was as small as 0 X */sin., because the clam-bucket 
jaws did not close tightly enough to prevent leakage of 
the small material. That experience did not apply gen- 
erally where clam-buckets were used, because at some 
plants a reasonable amount of maintenance kept the 
jaws fitting tightly enough to prevent a dust nuisance 
or coal loss. The height of lift and wind velocities also 
affected the losses. 

Thirty plants received coal by rail in hopper-bot- 
tom cars. Rotary car dumpers were used for un- 
loading the coal at two stations, but the others dis- 
charged all or part of each car directly into a track hop- 
per. In the latter case a clam-bucket was used at sev- 
eral places to remove coal from the cars and place it in 
storage, but the car was cleaned into the track hopper. 
With normal weather during transit, coal with a top size 
of over 2 in. would flow out of the cars with little atten- 
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tion after the hopper doors were opened. When the top 
size was below 2 in., however, it was necessary for a man 
to enter the car to push down part of the coal and finish 
the unloading with a broom or shovel. 

During periods of normal weather, the coal may have 
been subjected to as much as an inch of rainfall while in 
transit from the mines to the plants, and a small part of 
this moisture was sometimes dried off the car during 
the balance of the haul. The amount of moisture pres- 
ent may not have been enough to allay all of the dust, 
but, because of the short fall into the track hoppers, the 
dust caused little or no nuisance. Approximately 4 per 
cent moisture in the eastern coals was sufficient to allay 
practically all of the dust. 

During periods of heavier rainfall, the penetration of 
the water into the carload of coal varied both with the 
original moisture content and the amount of rainfall. 
Coal that was moist on loading permitted more com- 
plete and rapid penetration than drier coal. The top 
layer of coal tended to shed water to the side of the car 
where the water would flow downward and drain out. 

When the car bottoms were opened under a wet ship- 
ment, only a small portion of the carload would fall out. 
To a lesser degree, the same type of bridging occurred 
with the drier small coal. A few raps on the sides of the 
cars with malls or small sledges broke the arches of coal 
and caused most of the coal to flow freely. After free 
flow had ceased, coal handlers climbed into the cars and 
pushed the remainder of the coal down the slopes of the 
car bottoms. Almost invariably a man had to enter the 
car to complete the unloading except, of course, where 
rotary car dumpers were used. 

Although the flow of coal was quite different in the 
smaller sizes than in the larger ones, the difference be- 
tween the handling properties was not generally signifi- 
cant in plant operation where unloading was assigned 
to helpers as a part-time routine and usually repre- 
sented only a minor item of attention and cost. 


Storage of Coal 


After unloading, the coal was either placed in outdoor, 
seldom indoor, storage or lifted to the overhead bunkers 
inside the boiler house. Coal that was placed in storage 
out of doors generally became damp or wet during the 
fall, winter and spring seasons. Although subjected to 
snow and freezing weather during the winter, coal in 
storage usually heated sufficiently by spontaneous 
oxidation to counteract the effect of freezing weather 
except at the edges of the piles. Coals to be stored for 
six months or longer were generally selected from those 
having a sulphur content of 1.5 per cent or less, because 
plant operators considered the sulphur content to be 
not only the best index but the principal cause of spon- 
taneous heating and firing. 

The users favored the larger sizes of nut slacks and 
even run-of-mine for storage purposes, because that coal 
was believed to store with less likelihood of spontaneous 
ignition. Coals that were purchased especially for stor- 
age were kept there longer than when the normal ship- 
ments were stored. 


Coal Handling in the Plant 


Many plants were equipped with crushers or breakers 
to reduce the coal to one inch or less prior to elevating 
it to the bunkers. On discharging into the bunkers, 
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the coal fell into conical piles and was allowed to flow 
freely. The segregation of the sizes that occurred did 
not interfere with the feeding or pulverizing but required 
small changes in the setting of the feeder gate at the 
pulverizer. Such adjustments were made automati- 
cally when feed settings were changed for general load 
changes. The coal segregated less as the moisture con- 
tent increased. 

As needed, coal was drawn by gravity from the bottoms 
of the bunkers. Automatic weighing machines which 
discharged increments of 200 lb of coal into the small 
closed hoppers and feed pipes below were used at a num- 
ber of the plants. The feed pipes led to the mill feeders 
which were usually attached directly to the mills. 

In so far as possible, the downcomers were made ver- 
tical, but in some plants design conditions prevented 
this arrangement. For various reasons coal bunkers 
were often designed with a greater ratio of width to height 
than desirable for free flow of coal, thereby leaving large 
masses of fuel in dead storage. 

Wet coal of 0 X 1 in. or less had an angle of repose 
approaching 90 deg. Small, wet coal occasionally 
clogged feed pipes and entrances to feeders that were 
not properly designed. Table VI presents the responses 
to questions on that subject. 


TABLE VI—DIFFICULTIES WITH WET COAL 


Difficulty No. of Plants 

Wet coal does not flow freely from bunkers—rat holing, high angle 
of repose 

Occasional clogging of downcomers (feed pipes) from the bunkers 
and scales when using wet coal 

Occasional clogging of pipes or small hopper at automatic scale 
with wet coal 

Occasional clogging of mill feeder with wet coal 

Clogging of discharge pipe from mill when using wet coal 


w om 
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Total 


The plant total in this does not indicate that 35 of the 43 had those diffi- 
culties. Some of the plants experienced several of the types stated. 


The purpose in pointing out these details is to explain 
the problems that each plant faces in the handling of 
coal, but to appreciate fully the extent of the difficulties 
with sticking and clogging, one must remember that coal 
wet enough to cause these difficulties was received but a 
small part of the time at the average plant. Even then, 
while wet coal was being used, stoppage occurred only 
occasionally, and only rarely did it cause loss of ignition. 

Plant engineers and firemen are an ingenious group of 
practical men who handle situations every day that 
would otherwise cause a shutdown in short time except 
for their simple remedies. Maintaining a flow of coal 
to the pulverizer is one of the least of their problems. 


Pulverization 


With two exceptions, the engineers interviewed noted 
so little effect of coal size upon performance of the mills 
that no significant advantage or disadvantage could be 
attached to any particular size of coal. The operators 
who favored the smaller sizes of coal believed it to be a 
common-sense policy to relieve the mills of as much work 
as possible by using a small size of coal. The data ob- 
tained from the mill manufacturers indicated an increase 
in mill capacity of between 10 and 15 per cent on reduc- 
tion of the initial top size of the slack from 2 in. to */s in. 
Some manufacturers of pulverizing equipment are now 
focusing attention on standardizing their machines on a 
0 X */«-in. coal. The top size of coal to be handled in the 
feeders was generally limited to about 2 in. ; 
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Depending upon the rapidity with which surface 
moisture was evaporated from the coal during pulveriza- 
tion, the mills may or may not have suffered a loss of 
capacity with increasing moisture content. Where the 
mills had a high enough inlet air temperature to main- 
tain a temperature of 130 F in the mixture of coal and 
air leaving the mill, even wet coal reduced the mill ca- 
pacity little below that with the same coal dried to 2 per 
cent moisture. 

The temperature of the air that swept through the 
mills was not always high enough at seventeen plants, 
but was ample in the other twenty-six plants. Three of 
the units had no air preheat. Only one unit pulverized 
coal previously dried outside of the mill. Six of the 
plants, where the bin system of handling pulverized coal 
was used, recirculated between 75 and 90 per cent of the 
air used to sweep the mills. The air became very nearly 
saturated with moisture and, hence, had very little 
drying capacity. 

An inlet air temperature of approximately 265 F is 
necessary to reduce the moisture content of a coal from 
8 per cent to 2 per cent if 15 per cent of the air for com- 
bustion is used to sweep the mill. 

Because of the extensive discussions of grindability of 
coal that have appeared in the literature, an attempt 
was made to obtain the experiences of the plant op- 
erators with that factor. The comments indicate that 
although mill manufacturers and plant designers may 
be vitally concerned with the effect of grindability, if a 
mill of ample size has been installed, the differences in 
grindability between coals ceased to be a problem. Judg- 
ing by the data taken on the survey, the subject of 
grindability of coal has received entirely too much 
emphasis in the sale and purchase of coal. 

The operators recognized that high-volatile coal ig- 
nited more readily and burned more rapidly than low- 
volatile coal pulverized to the same size and also that 
the low-volatile coal should be pulverized more finely 
than high-volatile coal for equal rapidity of burning. 

The fineness of pulverization was determined by a siev- 
ing analysis at a few of the plants but the common 
method of determining whether or not the degree of 
pulverization was satisfactory was by watching for 
“sparklers” of burning coal in the furnace. The oper- 
ators considered the percentage of the coal that passed 
through a 200-mesh sieve as less important than that no 
more than one per cent should remain on a 50-mesh sieve. 
When sparklers appeared, the pressure between the 
grinding elements was increased or worn mill parts were 
replaced, depending upon the type and condition of the 
particular mill. 


Furnace Performance 


The initial moisture in the coal supplied to the pul- 
verizer may have been evaporated almost completely 
from the coal, but the moisture, as water vapor, entered 
the burners and furnaces with the coal. Excessive water 
vapor present with the primary air caused a noticeable de- 
lay in ignition and a tendency for the flame to puff or 
pulsate. Black streaks of coal, which varied in length 
with the pulsations, could be seen around the outside 
of the base of the flame. 

Every pound of moisture that entered the furnace 
passed out of the boiler setting carrying away heat that 
would otherwise have been delivered to the boiler. This 
loss was not especially serious, even with wet coal, but 
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in the last analysis additional coal was burned to offset 
the heat loss due to the moisture in the coal. 

Unfortunately, many boiler furnaces were so con- 
structed that the fuel selection was limited to those coals 
that had an ash-fusion temperature of 2500 F or over. 
The plant engineers complained about that limitation 
of their equipment because it caused them trouble with 
coals that were occasionally received and because it 
limited the selection of the coals. 

At a few of the plants the boiler furnaces were oper- 
ated without ash removal until an accumulation of ash 
several feet deep had taken place. The units were then 
shut down, allowed to cool for several days, and then 
cleaned with hoes, picks and shovels. The fusion tem- 
perature of the ash for such operation must be high 
enough to prevent the formation of a pool of slag, be- 
cause the frozen slag cannot be removed from dry-bot- 
tom furnaces except with difficulty and with injury to the 
furnace floor. 

Table VII presents a list of the number of plants using 
coals with ash-softening temperatures from under 2200 F 
to over 2800 F, according to temperature groupings. 


TABLE VII—ASH FUSION TEMPERATURES OF COALS USED IN 
PLANTS SURVEYED 
Number of Plants 


Fusion Temperature Annual Tonnage 


Less than 2200 F 6 1,947,000 
2200 to 2300 F 21 plants <11 665,050 
2300 to 2400 F 4 782,163 
2400 to 2500 F* 6 362,000 
2500 to 2600 F** 5 1,138,125 
2600 to 2700 F 22 plants 6 157,650 
2700 to 2800 F 2 50,000 
Over 2800 F 3 41,000 

43 5,142,988 


* Maximum for two plants with slagging furnaces. 
** Maximum for one plant with slagging furnaces. 


With the exception of the three plants with slagging 
furnaces, high ash fusion temperatures were, of course, 
preferred. In slagging furnaces, the viscosity of the 
slag appears to be of as great importance as the softening 
temperature. 


Other Comments 


Six of the forty-three plants were receiving 0 X 1/4- 
in. to 0 X 4/4-in. coal treated with oil to the extent of 
from 3 quarts to 1'/2 gal per ton. Those who were 
using oiled coal believed that the oil not only reduced the 
dust normally given off, but also reduced the penetration 
of rainfall into the coal in transit, prevented windage 
losses from the car and caused the coal to flow freely in 
the plant. Comments received at other plants were to 
the effect that oiled coal did not flow as freely in bunkers 
and pipes as untreated coal, especially when high in 
moisture content; the amount of oil used did not allay 
dust sufficiently; oiled coal was not offered to them, and 
some believed that the oil might deteriorate rubber con- 
veyor belts. 

Complaints voiced during the interviews with regard 
to tramp iron, wood, straw, rags and paper in the coal 
indicated a need for more care by the producers and ship- 
pers in keeping extraneous material out of the shipments. 
Except for tramp iron and a portion of the wood, the 
materials were originally used to seal the hopper doors 
on the railroad cars and therefore entered the coal when 
the hoppers were opened. A material should be used 
that will break up readily at the plant. A mixture of 
fine coal, fire clay and water has been successfully used 
to seal the car hopper doors. The use of magnetic sepa- 
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rators at the mine tipples would recover most of the 
iron, part of which could again be used in the mines. 


Coal Selection for Pulverized Firing 


The significant feature of a pulverizer unit from the 
standpoint of coal selection is the responsiveness of the 
unit to important differences between coals and the ease 
with which a plant operator can see and interpret them. 

The effects of coal size and moisture content are 
known almost immediately after the coal enters the 
mills. The mill feeder can be quickly adjusted for the 
coal and coal size to conform with the steam load. The 
preheated air and tempering air can readily be adjusted 
to maintain a standardized mill outlet temperature. 

Whether or not ignition at the burner is satisfactory 
is known immediately after the coal reaches the burner. 
The fineness of pulverization is checked by observation 
into the furnace for sparklers of burning coal. The 
first evidence of slagging of the boiler tubes, water walls 
or furnace floor indicate that the ash fusion tempera- 
ture may not be suitable. If necessary, the amount of 
secondary air can be increased to reduce the furnace 
temperatures until the test coal can be burned out. 
Slagging of the tubes may also be prevented in some 
cases by shortening the length of flame travel. 

The evaporation can be noted for any period of time 
from the steam charts and these in turn compared with 
the weight of coal passed through the automatic scales 
in the same time. More accurate checks on the perform- 
ance of the coal and unit can be made by a standard 
boiler test. 

The plant engineers were interested in the proximate 
analyses, calorific values and ash-softening tempera- 
tures of the coals used or offered. Records were kept 
of the evaporation obtained with the coals used. The 
procedures followed in most plants in evaluating a coal 
were essentially correct, logical and free from prejudice 
or bias. 

Conclusions 


1. Coals of all sizes between run-of-mine and 0 X 
1/, in. were received at plants for firing in pulverized 
form. The 0 X */,-in. size was most universally used 
and preferred. Sixty per cent of the installations sur- 
veyed either used or preferred this size. 

2. The trend in size of coal selected for pulverized 
firing is heading distinctly toward the smaller sizes, as 
these become more available on the market. 

3. Only 21 per cent of the plants could not, for vari- 
ous individual reasons, use a0 X °/s-in. coal satisfacto- 
rily. Over 50 per cent of the plants were either using a 
0 X */s-in. coal at least part of the time or preferred that 
size. 

4. Customers are generally well pleased with 0 X 
$/,-in. and 0 X #/s-in. coal, especially when the moisture 
content at the time of receipt is approximately 4 per 
cent. Up to this amount, the moisture content in the 
coal improved its handling qualities at the plants by 
practically eliminating the dust nuisance without sig- 
nificant interference with the flowing properties. When 
the moisture content was over 4 per cent, the effort and 
attention necessary to unload the coal and to insure a 
continuous supply at the pulverizer at all times, in- 
creased with increase in moisture. 

5. Wet coal, although received only a small fraction 
of the time, caused a significant loss of milling capacity 
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at 40 per cent of the installations because the tempera- 
tures of the air entering the mills were too low. Ample 
pulverizer capacity was available at 95 per cent of the 
plants visited. 

6. Oil-treated coal was used in so few plants that 
conclusive data on its properties are lacking. Dusty 
coal was considered to be too dry rather than to be lacking 
a special dustless treatment. 

7. The differences in pulverizer maintenance, ca- 
pacity and power requirements because of variations in 
coal size and grindability were too small to influence 
justifiably the choice of coal except in cases of limitations 
in pulverizer capacity. 





Ohio State Offers New Welding Course 


A new curriculum in Ohio State University’s college 
of engineering leading to a degree in welding engineer- 
ing has recently been established. 

Administration of the course will be under the de- 
partment of industrial engineering which for a number 
of years has presented the shop courses in welding re- 
quired by various curricula in the engineering college. 
Entrance requirements are the same as for the other 
curricula of the college of engineering. Welding engi- 
neering students will take the same work as other engi- 
neering students the first year. For succeeding years 
they will have courses in calculus, physics, mechanics, 
metallurgy, economics and accounting, drawing, Eng- 
lish, welding applications and work in electrical, civil, 
industrial and mechanical engineering, as well as mili- 
tary science. 

Commenting on the new course, Dean C. E. Mac- 
Quigg observes that, ‘‘Because of the rapid growth of 
the art and the very special techniques involved, there 
has been little opportunity for the design practices to 
become rationalized. Until lately the operations have 
been largely empirical. In view of the quite involved 
relationships between the nature of the metal to be 
welded, the design of the joint, the practice used in 
manipulation of the torch or electrode, the nature of 
the filler metal, the heat treatment effects and other 
important factors, the routine production of welds has 
become a highly specialized practice in every aspect.”’ 





Horace P. Liversidge, formerly vice president and 
general manager of the Philadelphia Electric Company 
has been elected president of that company, succeed- 
ing W. H. Taylor who becomes chairman of the board 
of directors. 


Clayton S. Coggeshall has been appointed manager of 
the turbine division, central station department of the 
General Electric Company, succeeding the late R. B. 
Beale. For some time Mr. Coggeshall served as gen- 
eral assistant to Mr. Beale and prior to that was man- 
ager of turbine sales at the Lynn Works. 


Theodore Maynz has lately resumed his consulting 
engineering practice in steam power plant work and 
opened an office at 270 Madison Ave., New York. 


45 

























runs without vibration or pulsation at stand- 
ard motor and turbine speeds. 


The three moving parts are in perfect ro- 
tational balance and there are no valves, no 
gears, no bearings, and only one stuffing 
box, which is exposed to suction pressure 
only. The construction is exceedingly sim- 
ple, and the pump can be dismantled for 
inspection without disturbing piping or driv- 
ing motor. 


State capacity and head required, nature of drive and 
character of oil to be pumped, and ask for Catalog |-31 


- TRENTON, N. J. 
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STEAM ENGINEERING ABROAD 


As reported in the foreign technical press 





A New Drumless Boiler 


The Schmidt’sche Heissdampf-Gesellschaft (Ger- 
many) has developed a drumless high-pressure boiler 
which operates with natural circulation and employs 
a novel method of removing the steam by taking advan- 
tage of the steam’s separating from the water in nearly 
horizontal tubes. This is described by Dr.-Ing. E. L. 
Otto H. Hartmann in Wdarmewirtschaft of September 
1938. 

Fig. 1 is a cross-section through the steam separator 
used in the experimental boiler and Fig. 2 shows a cross- 


























—_— a -~ > 
~ 
~ 


a“ 
‘N 
= 
~ 
~ 
‘ 


\ 











| SAO | 
Fig. 1—The steam is skimmed off into the upper tube 


section of the boiler itself which has a capacity of 4410 Ib 
per hr at 924 lb per sq in. pressure. 

Referring to Fig. 1 the mixture of steam and water, 
depending upon the operating pressure, has a velocity in 
the upper steaming portion of a tube of about 8 to 10 ft 
per sec. The steam is there skimmed off into a circular 
collecting header of relatively small cross-sectional area 
and the water flows on without being disturbed in the 
same direction to the entrance of the steaming tube. 
Each tube group has an independent circuit for the 
water so that interferences with circulation by adjoining 
tube circuits is thereby avoided. Separation is rela- 
tively complete since measurements show only '/: to 
1 per cent moisture in the steam. The quantity of water 
circulating varies from 2'/, to 3 times the quantity of 
steam made, or that in a once-through boiler. Tube 
cooling is considered sufficient when steam delivered to 
the point of separation from the water is in a saturated 
state, in which case the quantity of circulating water 
equals the quantity of steam made. It has been shown 
that proper cooling of the tubes depends, not so much 
on the velocity of the mixture as upon whether the tube 
wall is constantly kept wetted. 

The design shown in Fig. 2 is intended for coal firing 
and has a revolving grate below a central coal magazine 
which has a storage of three to four hours boiler operating 
capacity. A pair of steaming tube groups encloses an 
annular furnace. On the outside there is a coil group 
made up of eight parallel coils' of 1.22 in. diameter and 


1 These are the first eight coils from the bottom, connected at different 
points to the feed-ring header (these connections and the downcomers being 
shown dotted). These same coils apparently spread out as they encircle the 
upper part of the furnace.—Ep1Tor 
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60.7 ft in length and on the inside a similar group of 
three coils of like diameter. The steaming tubes are 
connected to a common feed-ring header at the bottom 
and to a steam-ring header at the top from which the 
steam flows to the superheater, also in the form of a ring- 
shaped coil. ~ 

Since the resistance within the steaming tubes is 
greater than that within the downcomers of equal diame- 
ter, the connection of the latter to the steaming tubes, 
which lie adjacent to the ring header connections from 
below, are provided with nozzles that have a low resis- 
tance in the direction of flow but a high resistance to 
circulation in the opposite direction. This avoids rever- 
sal of flow. 

The furnace gases after leaving the superheater turn 
sharply over a soot hopper and pass upwardly through a 
ring-shaped economizer. 

Air for combustion is drawn through the boiler casing 
on its way to the grate. 

To one side of the boiler and at the height of the 
water level, there is a feedwater drum of about a foot in 
diameter and 2440 cu in. content. To this the feedwater 
is delivered from the economizer and from it the water 
flows into the common feed header. 

The overall height of the outer coil group, from the 
center of the feed-ring header to the center of the steam- 
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Fig. 2—Section through boiler and furnace 


ring header is 56 in. The head for feeding water, taken 
by a water column connected into the middle of the 
bottom water ring, was 33'/2 in. at maximum capacity. 
Before the feedwater is fed to the steaming section it is 
heated to steam temperature and degassed in the feed- 
water drum. 


The entire water content of this boiler is slightly 
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under 40 gal or about one-thirteenth of the hourly steam 
output. 

Although no attempt has been made to reduce weight, 
the boiler including the bunker and grate weighs but 
little more than 8800 lb and is built so that it may be 
shipped as a unit. 

A new method of regulation has been devised which, 
upon sudden stoppage of steam flow, at nearly full steam 
pressure, will prevent the safety valve from blowing. 
Full running conditions are reestablished in from 30 to 
40 sec. A boiler efficiency of 78 per cent with a 608-F 
flue gas temperature has been attained with this experi- 
mental unit. 

A design of this type of boiler for large capacity 
showed that only small steam collecting chambers are 
required although a larger number of tube coil groups 
becomes necessary. There is nothing to prevent tube 
coils up to 100 ft and more in length being used with 
natural circulation as greater boiler heights are em- 
ployed. 

The boiler has the same characteristics as two-drum 
vertical boilers and may therefore be fed with condensate 
of the same salt content. It may be blown down and 
can meet sudden fluctuations without priming. The salt 
content of the steam is lower than in the vertical boiler. 
Forced circulation may be adapted with this type of 
boiler if desired. 


Power Plant of the ‘‘Queen Elizabeth’”’ 


The 85,000-ton liner Queen Elizabeth which was 
launched on September 27 for the Cunard-White Star 
Line will, when commissioned, be the largest merchant 
ship in the world. Among engineers, the first interest in 
such a vessel centers around the power plant and pro- 
pulsive machinery. This is briefly described in the 
October issue of The Shipbuilder and Marine-Engine 
Builder (London), although it is anticipated that further 
details, particularly those concerning the boilers, will be 
available at a later date. 

The ship will be driven by four main turbine sets each 
driving a propeller shaft through single-reduction gear- 
ing. Each set consists of a high-pressure, two inter- 
mediate-pressure and a low-pressure turbine, grouped 
around a common gear wheel. Astern turbines are in- 
corporated in the casings of the second intermediate and 
the low-pressure turbines. The turbines will be supplied 
with steam at 425 lb pressure, 750 F total temperature 
by twelve oil-fired boilers of the Yarrow type placed in 
four boiler rooms. Incidentally, it will be recalled that 
the Queen Mary, which is only slightly smaller, has 24 
main boilers operating at approximately the same pres- 
sure. At this writing no information has been given out 
as to the capacity of the Queen Elizabeth’s boilers or as to 
the total rating of the main turbines, but assuming the 
total power to equal or slightly exceed that of the Queen 
Mary, which is 200,000 hp, the individual capacities of 
the boilers of the newer ship must be at least twice as 
large. 

The internal surfaces of the boilers are to be Apexior- 
ized and the soot blowers will operate with compressed 
air. All main steam lines will be of corrugated pipe to 
effect a saving in space, length of bends and consequent 
saving in weight. 

Air for combustion will be supplied on the closed stoke- 
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hold system by 12 sets of two Howden double-inlet 
motor-driven fans, and the flue gas will pass through 
vortex spray-type washers before discharging from the 
funnels. 

Steam will be bled from the main turbines at 230 and 
150 Ib for feedwater heating, the low-pressure heaters 
being supplied with steam from the auxiliaries. 

The electrical requirements of the ship will amount 
to 8800 kw, to be supplied by four 2200-kw d-c condens- 
ing turbine-generators. These will be divided between 
two separate power plants located on either side of a 
central watertight bulkhead between two of the main 
boiler rooms. Two 75-kw diesel sets are also installed 
for emergency service. 


Guarding Boiler against 
Feed Interruptions 


A device for guarding steam boilers against disturb- 
ances in the feedwater supply, as developed by Rhein- 
metall-Borsig, A.-G. is described by R. Reichardt in 
Warmewirtschaft und Dampfkesselwesen. Reference to 
the sketch will give an idea of how this emergency feed 
device functions. 
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Diagram of emergency feed connections 


The feed-storage drum, which is placed above the 
boiler drum, is connected therewith by a drain leading 
down to the economizer inlet header and by a steam pipe 
2 leading from its top down into the boiler drum and 
ending at the lowest water level therein. 

On starting, air is vented through valve 4 until the 
feed drum is filled with steam or water. As long as the 
lower end of pipe 2? is below the water level in the boiler 
the steam space in the feed drum is sealed at both ends 
and the steam therein condenses due to radiation from 
the drum to the surrounding air. This causes the feed 
drum to fill with boiler water through connections 2? and 
3. If the water level in the boiler drum falls below the 
end of pipe 2, due to interruption of the feed, a connection 
is established between the steam spaces of the two drums 
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and water flows from the feed drum into the boiler until 
the bottom end of pipe 2 is again sealed by the rising 
water level. When the feedwater supply to the boiler is 
reestablished, the feed drum again fills up as before. 
Check valve 8 prevents short-circuiting the boiler feed- 
water past the economizer. To avoid flashing the water 
within the feed drums into steam, when the pressure 
falls therein, a cooling coil 5 is provided through which a 
controlled portion of the boiler feedwater is passed. 
Only a small portion of the water flowing from the feed 
drum is required for cooling the economizer which in- 
volves only a low loss of head (i. e., a relatively small 
distance between feed and boiler drums), and to main- 
tain this low head a branch pipe 3 is provided to ac- 
commodate the remaining portion of water flowing from 
the feed drum to the boiler drum. 

A regulator valve 13 serves as a guard against overfeed- 
ing the boiler drum which may occur when, upon a sub- 
stantial pressure drop in the boiler causing a flashing into 
steam within the feed drum, this drum may drain com- 
pletely. Valve 13 shuts off the flow of water through pipe 
3 when the water level in the boiler rises too high. It is 
normally open and may stick and not function and to 
meet this situation an alarm 6 is provided. This con- 
sists of a float which actuates a signal when the water 
within the feed drum begins to empty out. An orifice 9 
controls the rate of flow through pipe 3? so that the feed 
drum may empty within a predetermined time. A gage 
glass 14 indicates the water level. 

As soon as the boiler feed is interrupted there is es- 
tablished a thermosyphonic circulation within a circuit 
that includes the boiler drum, feed drum and economizer, 
since the waterleg from the feed drum is heavier than 
that through the economizer. The economizer is then 
immediately protected. 


Trends in British 
Power Plant Practice 


Recent extensions to British central power stations 
are discussed in the October issue of Engineering and 
Boiler House Review. Although several of these installa- 
tions have been reviewed from time to time in this 
department, the article cited gives a collective view of 
current activity and trends in British power circles, 
particularly with reference to pressures. 

While pressures of about 600 lb per sq in. and total 
steam temperatures of 850 F appeared to be the generally 
accepted upper limit for several years, there have more 
recently been indications of acceptance of higher pres- 
sures and temperatures and a desire to try out certain 
continental designs employing forced circulation. This 
is apparent from the installation of Loeffler boilers at 
Brimsdown, a La Mont boiler at Deptford West Station 
and Velox boilers at Wellington, New Zealand; the last- 
named installation, while apart from England, neverthe- 
less represents British practice. In addition to the 
foregoing, there is also on order for Battersea station a 
550,000-lb per hr, 1420-lb pressure, 965-F natural- 
circulation boiler of the bent-tube type that will supply a 
topping turbine-generator exhausting to the present 
600-lb plant. 

This boiler is to be one of a pair which will eventually 
provide steam for a new 100,000-kw turbine-generator. 
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Fig. No. 4114: Yar- 
lok Mae Xo} de{-tc Me) (-1-31 
Water Column for 
900 lbs. pressure. 
Equipped with Yar- 
way Vertical Gage, 
Fig. No. 4178, with 
four-glass steel 


insert. 


Hundreds of leading utilities and industrial plants insist 
upon Yarway Water Columns to protect their boilers. 


Yarway’s unique Hi-Lo Alarm mechanism utilizes 
balanced solid weights that are as indestructible and 
unchanging as the metal itself. Operating on the dis- 
placement principle, they literally “weigh the water level.'’ 


When the high or low water emergency occurs—instant, 
positive, powerful, hair-trigger action results— giving 
warning of danger by whistle, light, or both. 


Yarway Water Columns, eight standard 
models, iron bodies with screwed connections 
for pressures upto 250 Ibs., forged steel bodies 
with flanged connections for pressures up to 
1500 Ibs., are fully described in Catalog 
WG- 1806. Write for acopy and working model. 


YARNALL-WARING COMPANY 
101 Mermaid Ave. Philadelphia 


YAR WAY 


FLOATLESS HI-LO ALARM 


WATER COLUMN 
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ENCO OIL BURNING EQUIPMENT 
applied to a 300 H. P. Boiler. 
A typical installation where all equipment and labor 


were supplied by ENCO and the plant turned over to 
the owner with undivided responsibility. 


Write for Bulletin OB-37. 


THE ENGINEER COMPANY 


17 Battery Place New York, N. Y. 
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Make yours safe 
with 
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When you've done your expert best to 
Operate your power plant economi- 
cally, an unexpected accident can wreck your costs for months to come. 
Reliance Alarms assure you safe uninterrupted power—help keep steam 
costs down to your estimates. 














Protect yourself with the Reliance shrill whistle or electric alarm, unfail- 
ing signal for water levels too low or too high. Rugged steel bodies, 
guaranteed unsinkable floats, vital parts of stainless metals—these mean 
sensitive response under all conditions. 


Millions of hours of dependable operation on boilers of every kind—all 
poe Make your boilers safe for low steam costs—set a record to 
ast of. Write for full information—today. 
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Reliance 
Boiler Safety Products for 54 Years 
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Cleveland, Ohio 
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The high-pressure element of this turbine will be rated 
at 16,000 kw and will operate with a throttle pressure of 
1350 lb, whereas the 84,000-kw low-pressure element 
will take steam either from the exhaust of the high- 
pressure turbine or the existing 600-lb station mains. 
The first high-pressure boiler, which is to be fired by an 
underfeed stoker will enable this new turbine-generator 
to produce 65 per cent of its maximum rating. 

At Brimsdown two 210,000-Ib per hr, 2000-Ib pressure, 
940-F Leoffler boilers have recently been put in service 
and two more for the same steam conditions but of 250,- 
000 lb per hr capacity are on order. They are stoker 
fired. 

The La Mont boiler at Deptford West is rated at 350,- 
000 lb per hr and, although operating at only 385 Ib 
pressure and 790 F, it is of the forced-circulation type. 
It will be fired by an underfeed stoker. 

At the Kirkstall. Station, Leeds, the new extension 
consists of three 230,000-Ib per hr pulverized-coal-fired 
boilers designed for 490 Ib pressure and 750 F total steam 
temperature. 

At the Portsmouth Station an extension which went 
into service last July consists of two 150,000-lb per hr 
header-type boilers, fired by traveling-grate stokers and 
supplying steam to a 30,000-kw turbine-generator at 625 
Ib and 850 F. 

The Kilmarnock Station, of the Ayrshire Electricity 
Board has been extended by the addition of a 30,000-kw 
turbine-generator supplied by two 150,000-lb per hr, 420- 
Ib pressure, 800-F boilers fired by traveling-grate stokers. 

A second extension now nearing completion at Iron- 
bridge Station consists of five 270,000-lb per hr bent-tube 
boilers operating at 400 Ib pressure and 800 F total steam 
temperature and fired by traveling-grate stokers. These 
will supply a third 50,000-kw turbine-generator. When 
completed the station will contain ten boilers of this 
capacity and four 50,000-kw turbine-generators. 

Among other extensions authorized, some of which 
are now under construction, are three 350,000-lb per hr 
boilers for Hams Hall, three 187,500-lb per hr units for 
Blackburn Meadows, two 125,000-lb per hr units for 
Dunston and eight 135,000-lb hr units at Ferry Bridge 
Station, Yorkshire. Also, at the Stalybridge Station 
there are being installed three 150,000-lb per hr boilers 
to operate at 625 Ib, 850 F, and both the Mercy Power 
Company and the Stockport Corporation are each in- 
stalling three 150,000-Ib per hr units, while two of similar 
size are going in Newport Station. Finally, at Barking 
“B”’ Station four new stoker-fired boilers of 256,000 Ib 
per hr maximum capacity are being installed to supply a 
new 75,000-kw turbine-generator, making the fourth 
generating unit of this size in the plant. 

In addition to the foregoing, two completely new power 
stations have been authorized, one at Little Barford, in 
Bedfordshire, and the other at Littlebrook. The former 
will contain, initially, three 300,000-lb per hr, 675-lb 
pressure, 910 F pulverized-coal-fired boilers and the 
latter will have six 256,000-lb per hr boilers, three 
stoker-fired and three fired with pulverized coal. They 
will furnish steam at 600 lb, 800 F to one 60,000-kw 
and two 30,000-kw turbine-generators. 

Reviewing these installations, there appears to be no 
definite relation between the size of unit and the method 
of firing. The use of both economizers and air heaters 
is quite general as is also automatic combustion control. 
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NEW CATALOGS 
AND BULLETINS 


Any of these publications will be sent on request. 








Air Compressors 


The Sullivan Machinery Company has 
released a new 20-page catalog describing 
and illustrating its Unitair stationary and 
semi-portable air compressors. A number 
of refinements and improvements have 
been made to this line of compact, two- 
stage, air-cooled compressors including 
the addition of a larger size (435 cu ft per 
min displacement), the use of force-feed 
lubrication and the design of a simplified 
automatic stop and start control for 
motor-driven styles. The bulletin fully de- 
scribes these improvements and also covers 
power-unit-driven types. 


Boiler Service Equipment 


A new price list, Form L14D, applying 
to the boiler service equipment described 
in Bulletin 260-B14B, has just been issued 
by the turbine pump division of Roots- 
Connersville Blower Corporation. Prices 
are uniformly lower, and several new sizes 
have been included, which widens the 
range of application for which these units 
have been especially designed and built. 
These boiler service units cover three types 
of applications: condensate return for 
gravity systems, boiler makeup and con- 

_densate return and direct-feed boiler 
supply. All units are for use with open 
systems, and have vented tanks. They 
are suitable for boilers from 7!/2 to 500 
hp, or from 1000 to 68,000 sq ft of direct 
radiation, at pressures from 10 to 150 lb, 
with return-water temperature not ex- 
ceeding 210 F. 


Boiler Settings 


A new 40-page edition of the catalog, 
“Plibrico Furnace Construction for H.R.T. 
Boilers,” is offered by the Plibrico Joint- 
less “irebrick Company. This book cov- 
ers the subject of boiler setting construc- 
tion and refractory linings for horizontal 
return-tubular and other types of fire tube 
boilers. A considerable section is devoted 
to air cooling, modernization of existing 
settings and principles of furnace design. 


Chlorination 


Wallace & Tiernan Products, Inc., has 
issued as a 38-page booklet the paper on 
“Chlorination of Condenser Cooling Wa- 
ter” by R. B. Martin which was presented 
at the last annual meeting of the A.S.M.E. 
This reviews the early experiments in the 
control of slime on condenser tubes and 
other low-temperature heat exchangers, 
also subsequent developments and re- 
cent refinements in such control by chlori- 
nation. The necessary equipment is de- 
scribed and illustrated and several al- 
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ternate arrangements are shown. The 
results of certain biological studies are 
incorporated. 


Economizers 


Bulletin No. 167 of The Green Fuel 
Economizer Co., Inc., describes a cast-iron 
economizer having a special ringstay type 
of joint so designed as to withstand pres- 
sures up to 450 lb per sq in. This equip- 
ment is furnished with either horizontal or 
vertical tubes. 


Feedwater Treatment 


A new 16-page bulletin has been issued 
by the International Filter Company de- 
scribing its ‘“‘Infilco” hot-flow water soft- 
eners for boiler feedwater treatment. 
Chemical treatment in this softener is 
continuous and directly proportional to 
the flow of water at all times. Either dry 
or wet chemical feeders can be furnished, 
the latter having semi-cylindrical mixing 
tanks with vertical agitation for chemical 
mixing. While lime and soda-ash are 
ordinarily used, other chemicals may be 
employed as circumstances dictate. The 
system and apparatus are fully described 
and illustrated in the bulletin. 


Instruments 


A 64-page catalog entitled “TAG In- 
dicating, Recording and Controlling In- 
struments for Temperature and Pressure”’ 
has just been published by C. J. Tagliabue 
Mfg. Co. In addition to the new line of 
recording thermometers and _ recording 
pressure gages with 10- and 12-in. charts, 
complete data will be found on indicating 
and recording controllers. The control 
instruments are listed in either the ‘‘on- 
off’? model for all ordinary control ap- 
plications, or the ‘throttling’? model for 
use where any considerable apparatus lag 
is encountered. Many illustrations not 
only show how these pressure-spring in- 
struments operate, but the practical in- 
stallation photographs tell an interesting 
story of what they are doing for the process 
industries. 


Pumps 


Bulletin No. 210 lately issued by Goulds 
Pumps, Inc., covers a new line of single- 
stage centrifugal pumps in eighteen sizes 
from 5 to 1800 gpm against heads up to 
110 ft. These are designed for either belt 
or motor drive. The bulletin contains 
tables of sizes and dimensions for different 
capacities and heads and describes in de- 
tail the design features of the pump. 


Refractories 


A 12-page booklet entitled ‘“How to Re- 
duce Spalling with Super Duty Refrac- 
tories” has been published by the General 
Refractories Company. It is attractively 
printed in two colors and gives charts, 
tests and general information on three 
types of super-duty refractories. 


Sewage Pumps 


The designing of centrifugal pumps to 
handle liquids carrying solids in suspen- 
sion, such as unscreened sewage and wood 
pulp in paper mills, was discussed by A. 
Peterson, Chief Engineer of the Pump 
Department of the De Laval Steam Tur- 
bine Co., in a paper presented last Fall be- 
fore the American Society of Mechanical 
Engineers and is now reprinted in Bulletin 
E-1171 for general distribution. So- 
called non-clogging, or clogless, pumps are 
characterized by single suction impellers 
having large open passages without corners 
or surfaces upon which stringy materials 
or rags may hang up and accumulate. 
Ordinarily such impellers are of the en- 
closed type, as where the liquid carries 
grit; shrouded impellers retain their ini- 
tial efficiency longer than do open im- 
pellers. The size of spheres that the im- 
peller should be able to pass has been the 
subject of controversy, but ordinarily the 
ability to pass spheres up to within one or 
two inches of the diameter of the pump dis- 
charge nozzle is satisfactory, and in larger 
pumps three impeller vanes are prefer- 
able to two, as they guide the water better, 
resulting in higher efficiency. At low 
heads, even fairly small pumps should be 
run at slow speeds and the use of a speed 
reducing gear results in a cheaper and 
more efficient motor. A pump casing 
split at the plane of the shaft is recom- 
mended in the interest of accessibility. 


Valves 


A 48-page catalog, superseding all pre- 
vious bulletins, has been issued by Home- 
stead Valve Manufacturing Company. 
This describes its complete line of brass and 
semi-steel straightway valves for moderate 
pressures and steel valves for heavy duty; 
boiler blow-off valves for pressures up to 
600 Ib and remote control hydraulic operat- 
ing valves for 1500 lb. Listed is also a 
triplex pump ranging in capacity from 15 
to 120 gallons perhour. Numerous appli- 
cations are illustrated and many dimen- 
sional tables are included. 


Water Conditioning 


D. W. Haering & Company, Inc., has a 
new 24-page catalog consisting of articles 
dealing with scale and corrosion control 
in various types of water-using systems. 
It is illustrated with photographs, charts 
diagrams and graphs and contains articles 
on, “Hot Water Conditioning,” ‘Cooling 
Systems,” ‘“‘Heating Systems,” “Internal 
Combustion Engines,” “Chain Systems,” 
“Why Proportion” and “Brine.” The 
subject of scale and corrosion control is 
covered in clear concise language along 
with descriptions of corrective and control 
measures. 
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Fuel Engineering Conference 


Engineers of the Kalamazoo valley region and Appalachian 
Coals, Inc., Cincinnati, O., have completed arrangements for 
another fuel engineering conference. This meeting, the twenty- 
fourth in a series of educational enterprises, is scheduled for Kala- 
mazoo, Mich., on December 14 at the Columbia Hotel. 

During the afternoon session four papers will discuss small 
power plants, underfeed stokers, stoker engineering and smoke 
abatement. Combustion of pulverized coal will be the main topic 
of discussion in the evening. The program is as follows: 

“The Modern Small Power Plant” by H. L. Solberg, Purdue 
University. 

‘“‘Combustion Practices and Experiences with Underfeed Stokers,”’ 
by G. G. Zimmerman, test engineer, Indiana Service Corporation. 

“Engineering in the Small Stoker Industry,” by E. C. Webb. 

‘‘Some Fundamentals of Smoke Abatement,” by J. F. Barkley, 
United States Bureau of Mines. 

‘‘Combustion of Pulverized Coal,” by E. G. Bailey, Babcock & 
Wilcox Co. 
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. are readily meeting high tempera- 
ture conditions without makeshift in 
design, material or parts. The sound 
and proven principles of the Vulcan 
valve operating head, bearings and 
elements guarantee operating econo- 
mies which make both the annoyance 
and cost of frequent servicing un- 


necessary. 
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ERNST WATER COLUMN & GAGE co. 
2 LIVINGSTON, N. J., U. S. A. eae 


High Pressure 
GAGE GLASS 


GASKETS 


“They won't blow ont” 


Specify. ERNST a 


“SPLIT-GLAND” 


WATER GAGES WILL FIT ANY TYPE OF WATER \\ ‘ 
COLUMN OR BOILER FOR ALL PRESSURES 


SIMPLE AND EASY TO 
INSTALL A GAGE GLASS 


LEAKLESS 
cocks # 


NO WRENCHES OR TOOLS REQUIRED 


Midwestern Manager, J. J. Russo, c/o International Amphitheatre, Chicago, Ill. 
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